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FOREWORD 


I was delighted when I received a request by Dr. Tamara Kalir to write a foreword for this e- 
book because of my admiration of the leading research conducted by her and her colleagues 
in ovarian cancers at Mount Sinai Hospital in the past two decades. This book covers a range 
of topics with a novel juxtapositioning of topics as diverse as: conventional oncology 
approaches, psychiatric considerations, and the role of belief in healing with commentaries by 
alternative practitioners. 


This book starts with an in-depth overview by Dr. Jamal Rahaman, a leading gynecologic 
oncologist, on the current management of ovarian cancer, including surgery and 
chemotherapy that additionally discusses the prospects of emerging therapies inclusive of 
such entities as immune-modulation and cancer vaccines. Both the clinicians and pathologists 
would find informative the second chapter by Jessica Beyda, M.D., and Sedef Everest, M.D. 
on the pathology of ovarian cancer: detailing the various histologic types of epithelial ovarian 
cancer including low- and high-grade serous carcinoma, mucinous carcinoma, clear cell 
carcinoma, endometrioid carcinoma; their symptoms, gross pathologic findings, tumor 
histology, immunohistochemical features available for arriving at the diagnosis, molecular 
features and prognosis. Also, a discussion on pathogenesis of ovarian cancer with details of 
key genes and serous tubal intraepithelial carcinoma is presented. Each entity is illustrated by 
digital photomicrographs, for a total of sixty-nine labeled full-color pictures. Chapter 3 
written by Stave Kohtz, Ph.D., further details the molecular pathogenesis of the various 
ovarian epithelial cancers per the dualistic model (Type I and Type II cancers), including 
discussion of: TP53, BRACA 1 and 2, PTEN, KRAS,CTNNB1, ARIDIA, SWI/SNF, KLFS5, 
CCNE1 and others, microRNAs, and concludes with mention of future pathways for targeted 
therapy. Gonzalo Carrasco-Avino, M.D. gives a step-by-step demonstration in Chapter 4, on 
how to utilize Public Gene Expression Omnibus (GEO) datasets and apply a Functional 
Genomics approach to study gene interactions of high-grade serous carcinoma in canonical 
pathways, in silico analysis activation of these pathways, and how chemotherapeutic drugs 
potentially affect them. Chapter 5 written by Jacob Appel, M.D., J.D., M.P.H., discusses the 
psychological aspects of healing in ovarian cancer, including psychiatric conditions such as 
depression and anxiety, demoralization, delirium; complicating factors such as loss of 
fertility, pain, fatigue; cosmetic issues; burnout in caregivers, treatments, and end-of-life 
considerations. The closing chapter written by Tamara Kalir, M.D., Ph.D., gives an historic 
overview of practitioners and their practices to explore the role of belief in the healing 
process, citing experiments on the placebo and nocebo effects, and mind-body interaction, 
with quotes from a diverse range of healers ranging from medical doctors to medical intuitive. 


The material presented herein is current and is helpful, informative and inspiring. Clinicians, 
researchers and laypersons will find the information in this book invaluable to their work, 
research, and care for their patients and loved ones. 


Linus Chuang MD 

Professor and Network Chair 

Department of Obstetrics and Gynecology 
Western Connecticut Health Network 

University of Vermont Larner College of Medicine 
USA 


PREFACE 


Significant research has been carried out on ovarian cancer, inclusive of clinicians’ and 
patients’ points of view. My goal was to add something new. Currently ovarian cancer is, for 
many women a chronic disease which resists cure. The allure of personalized medicine is that 
we may one day identify biomarkers unique to a patient’s ovarian tumor - the ‘Achilles heel’ 
of the tumor - that when targeted, results in complete remission of the disease. Today, we are 
at the beginning this journey. A new book on ovarian cancer would include a discussion on 
current medical practices and treatments, along with pathogenesis and pathological 
classifications. The authors (respectively Dr. Jamal Rahaman, and Drs. Jessica Beyda & 
Sedef Everest) have given excellent and thorough overviews of these subjects. The novelty of 
this book is threefold: 1) commentary on future directions in treatment (respectively Drs. 
Jamal Rahaman and Stave Kohtz), 11) the use of in silico analysis/other computer programs to 
identify candidate genes for targeted therapy and likelihood of success (Dr. Gonzalo 
Carrasco-Avino), and iii) discussions on the psycho-spiritual aspects of healing. Dr. Jacob 
Appel has given a sensitive and comprehensive overview of psychological factors affecting 
patients with ovarian cancer and, finally, I have included a chapter on the role of belief in 
healing, with discussions on the placebo and nocebo effects, and the potent influence of our 
thoughts on our body’s ability to heal. 


This book is intended for a wide audience including: medical students, house staff, attending 
physicians, physician assistants, medical researchers, assistants, patients and other interested 
individuals. My hope is that readers will gain greater knowledge and understanding of ovarian 
cancer, and will gain their own inspirations and insights into healing and well being. 


Tamara L. Kalir, M.D., Ph.D. 

Associate Professor of Pathology 

The Icahn School of Medicine at Mount Sinai 
USA 


DEDICATION 


In loving memory of Anat Kalir, M.D., promoter of women’s and children’s health at home 
and abroad, who had the courage to personally confront both the Holocaust and ovarian 
cancer. 
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CHAPTER 1 


Surgical Principles for the Management of 
Epithelial Ovarian Cancer and A Review of 
Seminal Theraputic Clinical Trials and Emerging 
Therapies 


Jamal Rahaman” and Lorene M. Yoxtheimer’ 
! Division of Gynecologic Oncology Icahn School of Medicine at Mount Sinai, New York, USA 
? Division of Gynecologic Pathology, Icahn School of Medicine at Mount Sinai, New York, USA 


Abstract: Epithelial ovarian cancer (EOC) is the leading cause of gynecologic cancer 
death in the United States and is the fifth most common cause of US cancer mortality 
in women. It is estimated that 22,440 women are diagnosed with EOC and 14,080 die 
from the disease in the United States each year [1]. Using the Surveillance, 
Epidemiology and End Results 1995-2007 database, stage III, III, and IV EOC have 5- 
year survival rates that are 89%, 70%, 36%, and 17%, respectively while the 10-year 
survival rates are 84%, 59%, 23%, and 8%, respectively [2]. EOC is most commonly 
diagnosed in women in their sixth and seventh decades. The median age at diagnosis is 
63. Incidence is directly proportional to age and more than 70% of patients have 
advanced disease at initial presentation [3]. 


In this chapter, we will explore the foundational principles of surgical management of 
EOC and highlight critical adjuvant therapeutic trials (mostly Level I data) including 
chemotherapy, biologic therapy, endocrine therapy, and targeted therapy. We will also 
evaluate the prospects of emerging therapies including immune-modulation and 
vaccine therapy. 


Keywords: Bevacizumab, BRCA mutation, Carboplatin, Dose-Dense 
Chemotherapy, Epithelial Ovarian Cancer, Endocrine Therapy, Emerging 
Therapies, HIPEC, Immunotherapy, Intraperitoneal Chemotherapy, Minimally 
Invasive Surgery, Maintenance Therapy, Neoadjuvant Chemotherapy, Primary 
Cytoreduction, Prophylactic Salpingo-oophorectomy, Paclitaxel, PARP Inhibitor, 
Staging Operation, Secondary Cytoreduction, Vaccine Therapy. 


* Corresponding author Jamal Rahaman: Division of Gynecologic Oncology, Icahn School of Medicine at Mount 
Sinai New York, New York, USA; Tel: 212-427-1415; E-mail: jamal.rahaman@ssm.edu 


Tamara L. Kalir (Ed.) 
© 2019 The Author(s). Published by Bentham Science Publishers 
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SURGERY FOR EPITHELIAL OVARIAN CANCER 


Surgical assessment and histologic evaluation are the only means by which a 
neoplasm can be classified as benign or malignant, primary or metastatic. When 
an early primary EOC is diagnosed, the next goal is determining the extent of 
disease or stage. Surgical staging is required to define those patients in whom 
surgery alone may be curative and those who will require adjuvant therapy, and to 
determine the modality, intensity, and duration of such treatment. Accurate 
surgical staging also permits assignment of prognosis, allows comparison of cure 
rates and defines subsequent surveillance. In the 70 to 75% of patients who 
present with advanced EOC, the goal of a laparotomy is also to remove as much 
tumor as possible through a process of surgical “cytoreduction” to maximize 
response to chemotherapy and improve survival. This method can also be used to 
treat ovarian germ cell tumors, sex cord stromal tumors, and other less common 
primary ovarian non-epithelial tumors [3]. 


PREOPERATIVE PREPARATION 


A thorough medical history is important and should cover pregnancy outcomes, 
medications (especially oral contraception pills and drugs used to induce 
ovulation), polycystic ovarian disease, and endometriosis [3]. 


Inquiring about personal and family history of ovarian, breast, or colon cancer is 
useful because these patients are more likely to develop EOC. However, only 5- 
10% of patients with EOC have this personal or family history. Women over 40 in 
the general population have a 1 in 70 risk of developing EOC. Half of women 
with two or more first-degree relatives with a history of EOC may go on to 
develop the disease [4, 5]. Testing for BRCA1 and BRCA2 helps to further risk 
stratify patients [6]. Approximately 13 percent of women with ovarian carcinoma 
have a BRCA1 or BRCA2 mutation [7]. Patients with Lynch syndrome have an 
increased risk of possessing a synchronous primary cancer (e.g., endometrial, 
colon) at the time of surgery for staging. 


A thorough physical examination factors into clearance for extensive surgery and 
may expose the extent of disease. A fixed pelvic mass, nodules in the cul-de-sac 
or tumor in the upper abdomen may require bowel resection and this should be 
considered pre-operatively. Patients over 40 years of age and diagnosed with 
ovarian cancer should undergo a colonoscopy prior to treatment [3]. 


These women should also have a full medical examination prior to surgery 
complete with a complete blood count (CBC) and a comprehensive metabolic 
panel (CMP), which would cover electrolytes, liver, and renal function. Any 
abnormalities should be addressed before treating the ovarian cancer. Cancer 
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serum markers should be assessed including CA-125, CA 19-9, CEA, alpha- 
fetoprotein, and inhibin A/B [3, 81]. 


Preoperative computerized tomography (CT) scanning of the chest, abdomen, and 
pelvis demonstrates disease spread to the chest and retroperitoneum, especially 
the lymph nodes. Ureters should be visualized because tumor spread can distort 
anatomy. CT also allows for the evaluation of the epigastrium to determine the 
likelihood of achieving optimal cytoreduction in this area. Neoadjuvant 
chemotherapy before cytoreduction should be considered in patients who are 
either poor surgical candidates or deemed unlikely to be successful in 
cytoreduction [8 - 10]. The CT scan criteria to predict poor response to 
cytoreduction have been documented [11]. PET scans have greater sensitivity than 
CT or MRI for smaller lesions and are sometimes useful in assessing other 
primary cancers with ovarian metastasis and also detecting occult metastatic and 
recurrent lesions [12]. 


Bowel resection is often required in patients with advanced ovarian cancer; 
therefore, when there is a high likelihood of extensive disease, the patient should 
undergo a complete bowel preparation prior to surgery [13]. Failure to adequately 
prep the patient can lead to increased infectious morbidity [14]. Preoperative 
hospitalization is not necessary as patients can drink clear liquids and use enemas 
with or without antibiotics [15]. 


Patients should understand the basics of the surgical procedure, possible 
complications, and the likelihood of a malignant diagnosis based on preoperative 
findings. Patients desiring future fertility should have expectations in line with the 
type and stage of cancer. Artificial Reproductive Technologies, such as oocyte 
cryopreservation, should be introduced to patients who are candidates. Even if 
there is low suspicion of ovarian cancer prior to surgery, all patients should 
understand that conversion to a laparotomy is a possibility if cancer is found. 
Discovering a malignancy intraoperatively in a patient who was not appropriately 
consented for surgery can have a number of ramifications. 


EARLY EPITHELIAL OVARIAN CANCER STAGING LAPAROTOMY 


The International Federation of Gynecology and Obstetrics (FIGO) is the standard 
in staging ovarian cancer (Table 1). Staging of ovarian cancers is better 
understood when the three mechanisms of spread are appreciated [3]. First: 
Tumor may advance by direct extension to surrounding pelvic structures. 
Likewise, abdominal structures may become involved with disease by direct 
spread. Second: After the tumor breaks through the ovarian capsule, tumor cells 
can exfoliate into the peritoneal cavity, course through the abdominal cavity, 
implanting in the omentum, diaphragmatic surfaces, and large and small bowel 
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mesentery. The third modality of tumor spread is through endo-lymphatic 
channels. The lymphatic channels in the broad ligament allow tumor cells to 
access the iliac vessels and then the paraaortic lymph nodes. Paraaortic lymph 
nodes could also be involved by direct lymphatic spread via the infundibulopelvic 
ligaments [16]. A thorough examination of all peritoneal and retroperitoneal 
surfaces in addition to other at risk structures in the peritoneal and abdominal 
cavities is required for proper staging. 


Table 1. Ovary, fallopian tube, and primary peritoneal carcinoma TNM staging AJCC UICC 2017. 


Primary Tumor (T) 


Tumor limited to ovaries (one or both) or fallopian tube(s) 


Tla IA Tumor limited to one ovary (capsule intact) or fallopian tube surface; no 
malignant cells in ascites or peritoneal washings 


Tumor limited to one or both ovaries (capsules intact) or fallopian tubes; no 
Tib IB tumor on ovarian or fallopian tube surface; no malignant cells in ascites or 


peritoneal washings 


Tl Ic Tumor limited to one or both ovaries or fallopian tubes, with any of the 
following: 


Surgical spill 


surface 


Malignant cells in ascites or peritoneal washings 


T2a 


Tumor involves one or both ovaries or fallopian tubes, or primary peritoneal 
cancer, with microscopically confirmed peritoneal metastasis outside the pelvis 
and/or metastasis to the retroperitoneal (pelvic and/or para-aortic) lymph nodes 


Macroscopic peritoneal metastasis beyond the pelvis more than 2 cm in greatest 
dimension with or without metastasis to the retroperitoneal lymph nodes 
(includes extension of tumor to capsule of liver and spleen without 
parenchymal involvement of either organ) 
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(Table 1) cont..... 


Primary Tumor (T) 


T Category | FIGO Stage T Criteria 
Regional lymph nodes (N) 


Nlb 


Distant metastasis (M) 


Distant metastasis, including pleural effusion with positive cytology; liver or 
splenic parenchymal metastasis; metastasis to extra-abdominal organs 
(including inguinal lymph nodes and lymph nodes outside the abdominal 
cavity); and transmural involvement of intestine 


IVA Pleural effusion with positive cytology 


x 
© 


= 
Q 
Z x 
= © 
Us} 
© 
5 
< 


Liver or splenic parenchymal metastases; metastases to extra-abdominal organs 


(including inguinal lymph nodes and lymph nodes outside the abdominal 
cavity); transmural involvement of intestine 


Prognostic stage groups 


T1/T2 
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We prefer using a vertical midline incision with adequate length to ensure easy 
removal of large tumors in addition to inspecting and possibly treating the upper 
abdomen. Pelvic fluid should be collected when entering the peritoneal cavity for 
cytologic evaluation. Perform pelvic washings if no fluid is present. Take a 
moment to evaluate the pelvis. Document the sizes of the tumors, ovarian surface 
involvement of the tumor, presence of adhesions, extension of the tumor to 
surrounding structures, and whether a cystic lesion was ruptured preoperatively or 
intraoperatively. All these elements are factors in staging the tumor. Run the 
bowel, palpate the upper abdomen, the mesentery, and retroperitoneal structures, 
assessing these areas for tumor. A hysterectomy and bilateral salpingo- 
ophoroectomy should be performed unless it is an early stage cancer and future 
fertility is a possibility [19]. We suggest bilateral lymph node sampling, even in 
patients with early-stage disease. Both sides should be sampled because 
contralateral nodal involvement is unlikely, but not impossible, when ipsilateral 
nodes are negative [20, 21]. Paraaortic lymph node sampling should include the 
renal vessels as illustrated. 


Inadequate staging with inappropriate incisions is relatively common [22, 23]. 
Young et al. reported that 31% of patients presumed to have stage I or II disease 
were upstaged after initial surgery, which was deemed inadequate. After proper 
staging, 77% of these upstaged patients had stage HI disease [24]. Women with 
stage I disease have an almost 89% 5-year survival; however, once the tumor 
spreads beyond the pelvis, 5-year survival rates decrease to below 36% [2]. 
Patients who are incorrectly diagnosed with an early stage disease when, in fact, it 
is advanced disease have a decreased likelihood of being cured of disease. 


Low-grade tumors confined to the ovary (stage IA, 1B) require no further 
treatment after removal because it does not affect survival [25, 26]. High-grade 
stage I tumors with poor prognosis, on the other hand, have longer disease-free 
intervals and improved survival after comprehensive staging and platinum-based 
chemotherapy [25]. Platinum-based therapy is important when treating advanced 
stage disease [27 - 30]. A taxane/platinum combination is the current standard of 
care [31 - 33]. An inadequate staging operation can have negative prognostic 
implications. This is a serious problem, reflected in one study using the 
NCI/SEER database. Only 10% of US women with early stage ovarian cancer 
underwent adequate staging procedures [34]. Increased intraoperative consultation 
with gynecologic oncologists for remedy of this deficiency after intraoperative 
histologic analysis of the removed specimen is recommended [3]. 
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OVARIAN TUMORS OF BORDERLINE OR LOW MALIGNANT 
POTENTIAL 


29 


Atypical proliferative, also known as “borderline,” tumors have histologic 
features that are more complex than benign entities but simpler than cancer and do 
not display extensive evidence of invasion (<Smm). 80% of borderline tumors are 
confined to the pelvis at the time of diagnosis. If the tumor is isolated to the 
ovaries, fertility conservation procedures are still viable options. Patients with 
borderline tumors will have long disease-free intervals if no residual tumor is left 
in the patient [3]. Most studies have concluded that adjuvant chemotherapy and 
radiotherapy do not increase disease-free intervals or survival [35, 36]. Invasive 
implants, found in 22% of cases, are the most important indicator of poor 
prognosis. These patients should be treated with adjuvant chemotherapy. In a 
study following women for 7.4 years, patients with non-invasive implants had a 
survival rate of 95.3% vs. 66% in patients with invasive implants [3, 37]. Stage I 
patients had a survival rate approaching 100%. 


ADVANCED EPITHELIAL OVARIAN CANCER ROLE OF 
CYTOREDUCTION 


Staging is the primary goal of the first surgery in the treatment of early epithelial 
ovarian cancer (stage I & I). In advanced disease (stage III & IV), the key is 
cytoreduction, which entails removing all visible tumor seen intraoperatively. 
This optimizes the patient’s response to adjuvant chemotherapy and increases 
survival rates [3]. Even removing tumors that are larger than 1 cm improves 
survival after adjuvant therapy [38]. Between 1985 and 1994, 230 stage III 
primary ovarian cancer patients underwent primary cytoreductive surgery and 
platinum-based chemotherapy at Mt. Sinai. Optimal primary cytoreduction to < 1 
cm (64.2%) significantly increased survival (p<.0001). Kaplan-Meier 2-year 
survival was 82.5% in those with optimal cytoreduction vs. 59.8% of patients with 
sub-optimal primary cytoreduction. At 3 years, the survival rates were 73.6% for 
optimal and 38.8% for suboptimal cytoreduction. The survival rates dropped to 
59.2% for primary optimal cytoreduction and 18.8% for suboptimal at 5 years 
[39]. The impact of cytoreduction on survival was illustrated in a systematic 
review of 11 retrospective studies that found that optimal (<1 cm) versus 
suboptimal (>1 cm) cytoreduction was associated with a significant improvement 
in overall survival (hazard ratio [HR] 1.36, 95% CI 1.10-1.68). There was a 
greater improvement in survival with complete cytoreduction (no gross residual) 
compared with optimal cytoreduction (<1 cm; HR 2.20, 95% CI 1.90-2.54) [40]. 


The survival benefit of complete cytoreduction was also found in a meta-analysis 
of 18 studies (both retrospective and prospective studies) of women with stage IIB 
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or higher ovarian, tubal, or peritoneal cancer who underwent cytoreduction and 
platinum/taxane chemotherapy. For each 10 percent increase in the proportion of 
patients undergoing complete cytoreduction to no gross residual disease, a 2.3- 
month increase in median survival compared with a 1.8-month increase for 
optimal cytoreduction (defined as residual disease <1 cm) is seen [41]. 


Optimal cytoreduction is, therefore, imperative. Previous studies have shown, and 
our research corroborates the fact that older patients with advanced disease who 
achieve optimal cytoreduction have survival rates similar to younger patients. 
Therefore, advanced age should not hinder the introduction of treatment options 
like cytoreduction [42 - 45]. 


While the actual cytoreductive surgery increases survival, whether a tumor 
achieves optimal cytoreduction could be a function of biological differences 
between cancers. Tumors with small-volume disease or tumors that are 
cytoreduced to small-volume may be intrinsically different from ones that cannot 
[46]. Although cytoreduction may increase overall survival, the survival benefit is 
not equal to that of small-volume abdominal disease at presentation. These 
differences may reflect variations in biologic activity or different durations of 
disease. Regardless of the skill a surgeon has in removing cancer, tumors that 
have been growing for a long period of time or showing aggressive behavior 
demonstrate a poorer prognosis. More research is required on these theories [3]. 


CYTOREDUCTION TECHNIQUES 


Clinically, primary cancer of the pancreas, colon, and stomach may be 
indistinguishable from ovarian cancer. Cytoreduction effectiveness has not been 
proven in non-ovarian cancer. Accurate frozen section diagnosis during surgery 
may avoid an unnecessary and lengthy staging procedure when a palliative 
procedure is more appropriate. Accurate intraoperative frozen section analysis is 
important [3]. 


An initial assessment should determine whether the tumor is a candidate for 
resection. Tumor is deemed unresectable when the porta hepatis, the base of the 
small bowel mesentery or multiple liver parenchymal lesions are involved [47]. 
Cytoreduction of solitary intraparenchymal liver lesions is feasible and should 
only be attempted if the patient would be surgically disease-free as a result. In 
fact, the optimal cytoreduction of the liver lesions has an independent prognostic 
value in improving survival [48, 49]. Upper abdominal disease should be 
addressed and deemed resectable prior to the evaluation of pelvic disease. Pelvic 
organs are frequently involved when the cancer is advanced in stage. Persistent 
cytoreduction can be achieved in “frozen pelvis,” which is often thought of as 
inoperable [47]. Patients, therefore, need clinicians with expertise in cytore- 
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Large tumors on peritoneal surfaces can be removed by identifying retroperitoneal 
structures and accessing avascular retroperitoneal planes. Precision and an 
intricate understanding of retroperitoneal anatomy is essential for this approach to 
work successfully. Access the retroperitoneum by making an incision in the 
peritoneum lateral to the external iliac vessels and psoas. Locate, ligate, and cut 
the round ligament in the retroperitoneum. Continue the peritoneal incision to 
include bladder peritoneum and remove as many peritoneal implants as possible. 
Perform an “anterior culdectomy,” which entails removing all anterior cul-de-sac 
involved by tumor. This is achieved by dissecting the peritoneum of the anterior 
cul-de-sac away from the bladder with a scalpel until it is only attached to the 
uterine serosa. Use a scalpel to detach the bladder from the lower uterine segment, 
anterior cervix, and vagina. Continue the lateral peritoneal incision up to the level 
of the infundibulopelvic (IP) ligament. Locate the ureter on the medial aspect of 
the pelvic peritoneum before cutting the IP ligament. Use the ureter as a guide to 
find the uterine artery, which will be divided. If no rectosigmoid involvement is 
identified, a subtotal or total hysterectomy completes the necessary surgery [3]. 


If the rectosigmoid colon is involved, it can be removed en bloc through the 
presacral space, which is avascular. If the sigmoid colon is involved, simply resect 
proximal to tumor with a stapler. Preserve as much colon as possible to increase 
the likelihood of a tension-free anastomosis. Individual mesenteric vessels should 
be ligated. Identify the base of the sigmoid mesentery to access the presacral 
space. Perforating veins on the anterior surface of the sacrum can cause 
significant blood loss if traumatized. The distal margin of the sigmoid colon is 
isolated following the ligation of the rectal pillars and the lateral rectosigmoid 
attachments [3]. 


Perform a subtotal hysterectomy or total hysterectomy. Mobilize the posterior 
cul-de-sac and access the rectovaginal space. Use a stapler to transect the distal 
resection margin of the rectum. An end-to-end stapler enables low-rectal 
reanastomosis without requiring a colostomy [50 - 52]. 


The omentum frequently harbors metastatic disease [53]. A total (supracolic) or 
partial (infracolic) omentectomy should remove gross residual tumor. Routine 
lymphadenectomy is not necessary when there is advanced disease. However, if 
pelvic and paraaortic retroperitoneal lymph nodes are palpable, they should be 
removed, especially if it enables complete cytoreduction [3]. 


Gynecologic surgeons have been more aggressive in removing tumor from 
adjacent pelvic structures because research has shown that cytoreduction 
(“debulking”) increases survival [54]. Mechanical stapling devices are preferred 
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to suture anastomosis when performing bowel resections and reanastamosis 
because complication rates and blood loss are lower, and hospital length of stay is 
shorter [50 - 52]. 


Although it is debatable whether these procedures to remove bulky tumor impact 
overall survival, most gynecologic oncologists will perform them [10, 55]. 
Randomized trials to evaluate the effect of surgeries such as optimal 
cytoreduction with bowel resection and other debulking procedures are not 
possible to perform. Additionally, malignancies that extend to the bowel may 
display different tumor biology [3]. 


Resecting organs that have metastatic ovarian cancer to achieve optimal 
cytoreduction is now commonly performed to achieve no visible disease. 
Splenectomy [56, 57], resection of the lower urinary tract [58, 62], liver, and 
diaphragm [49, 59 - 61] are now more frequently performed to optimize patient 
response to postoperative chemotherapy [3]. 


SECONDARY CYTOREDUCTION 


In patients with disease that recurs more than 6-12 months after completion of 
initial chemotherapy, a second cytoreduction could be considered if the disease 
has the following criteria: small amount of tumor that can be completely resected 
and absence of ascites [62 - 65]. Current trials are evaluating the benefit of 
secondary cytoreduction. Selected cases may be amenable to minimally invasive 
surgery including robotic surgery [66]. 


PROPHYLACTIC SALPINGO-OOPHORECTOMY 


Approximately 10-13% of all patients with ovarian cancer harbor a BRCA1 or 
BRCA2 mutation [7]. These mutations are more common in certain ethnic groups. 
For example, in a population-based series of 1342 patients with invasive ovarian 
cancer in Ontario, Canada, the prevalence of BRCA mutations was particularly 
high among women of Italian (43.5%), Jewish (30.0%) or Indo-Pakistani origin 
(29.4%) [7]. 


Women with BRCA mutations have an increased lifetime risk of developing 
ovarian or breast cancer. Carriers of BRCA1 mutation have an estimated 65-85% 
risk of developing breast cancer and a 39-46% risk of developing ovarian cancer 
by age 70. Similarly, BRCA2 mutation carriers have an estimated 45-85% risk of 
breast cancer and a 10-27% risk of ovarian cancer by age 70 [67]. Since genetic 
counseling and testing has become widely available for high risk patients, 
preventive measures are a choice for many of these women. 
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The proportion of women who tested positive fora BRCA mutation and opted for 
a risk-reducing salpingo-oophorectomy (RRSO), which addresses the risk of not 
only developing ovarian cancer but also hormone receptor-positive breast cancer, 
is as high as 49% [67]. No current screening techniques, including frequent pelvic 
examinations, pelvic ultrasound, or other imaging, and serum CA-125 level, have 
been shown to decrease the risk of death from ovarian cancer in women who are 
carriers of BRCAI or BRCA2 mutation. A consensus panel of the National 
Institute of Health (NIH) recommended prophylactic oophorectomy for women 
considered high-risk at age 35 or later if the patient does not desires more children 
[68]. Risk-reducing salpingo-oophorectomy has been shown to effectively reduce 
the risk of ovarian cancer by 71-96% [69] and reduces the risk of breast cancer by 
50% [70]. Moreover, RRSO decreases breast cancer-specific mortality by 90%, 
ovarian cancer-specific mortality by 95%, and overall mortality by 76% [71]. 
Considering this data, RRSO is highly recommended to all patients who are 
carriers of BRCA1 or BRCA2 mutation [3, 67]. 


After completing the RRSO, there is still some risk of developing primary 
peritoneal cancer. In a large international study by Finch, 5783 known carriers of 
BRCAI or BRCA2 mutation underwent RRSO and were found to have an 
estimated cumulative incidence of peritoneal cancer of 3.9% for BRCA1 and 
1.9% for BRCA2 at 20 years after oophorectomy [72]. 


RRSO is performed laparoscopically in the majority of the cases unless a 
laparotomy is performed for other indications. At the beginning of the procedure, 
all peritoneal surfaces and the upper abdomen should be carefully evaluated for 
any evidence of nodularity or implants. Pelvic washings need to be obtained for 
cytological evaluation. Any suspicious lesions should be biopsied and sent for 
pathologic examination. The surgeon should make an effort to avoid contact with 
the surface of the ovary and the fimbriated end of the fallopian tube, so that the 
delicate surface epithelium is not abraded. Microscopic occult carcinomas have 
been identified in RRSO specimens in approximately 2% of the BRCA mutation 
carriers [69, 73]. Patients who are undergoing a laparoscopic RRSO should be 
counseled on the probability of discovering cancer at the time of the surgery. If 
this occurs, the appropriate staging procedures need to be performed [3]. 


In addition to well-described familial syndromes associated with an increased risk 
of breast and/or ovarian cancer, other gene mutations appear to at least moderately 
increase the risk of these cancers. Lynch syndrome, also known as hereditary 
nonpolyposis colon cancer (HNPCC), is associated with mismatch repair (MMR) 
gene mutations (MSH2, MLH1, MSH6, and PMS2) and a mutation in the 
epithelial cell adhesion molecule (EPCAM) gene. Women with Lynch syndrome 
have a life-time risk of ovarian cancer between 4-12% [74, 75]. 
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About 3 to 8 percent of women presenting for hereditary breast/ovarian cancer 
risk assessment have mutations in other moderate-risk genes recently described 
including BARD1, BRIP1, RADS1 paralogs, RAD51C and RAD51D, PALB2. 
However, the exact risk of cancer associated with mutations in these genes is not 
clear. Commercial multigene panels include testing for the BRCA genes, the 
high-risk genes listed above, as well as mutations in several moderate-risk genes 
[74, 75]. Patients with these moderate-risk genes require individual counselling by 
a certified genetic counsellor as well as a gynecologic oncologist about the 
appropriate timing and risk vs. benefit of RRSO. 


SALPINGECTOMY 


A growing body of literature suggests that a large proportion of ovarian high- 
grade serous carcinoma may actually arise from fallopian tube secretory epithelial 
cells. Many young female carriers of BRCA1 or BRCA2 mutation are reluctant to 
undergo RRSO because of post-RRSO induced menopause. While the risk of 
hormone replacement is less than the risk of retaining the ovaries and fallopian 
tubes, bilateral salpingectomy with ovarian retention until menopause may be 
offered to patients who refuse oophorectomy before menopause [76]. 


Opportunistic salpingectomy is the removal of the fallopian tubes for primary 
prevention of epithelial carcinoma of the fallopian tube, ovary, or peritoneum in a 
woman undergoing pelvic surgery for another indication. This procedure would 
be indicated in women at average risk, rather than high risk, for these cancers. The 
preventive strategy of opportunistic salpingectomy was introduced in 2010 by the 
British Columbia Ovarian Cancer Research (OVCARE) team [77] and is now 
routinely discussed and offered to patients undergoing elective hysterectomies and 
sterilization procedures [78]. There is no evidence of compromise to ovarian 
function by the addition of a salpingectomy [79, 80]. 


GYNECOLOGIC ONCOLOGIST 


Women with ovarian masses that are highly suspicious for malignancy pre- 
operatively should consult a gynecologic oncologist [68] [NIH Consensus 
Statement, 1995]. This is emphasized in the study by McGowan et al., which 
evaluated 291 women with ovarian cancer. They found that 97% of patients 
staged by a gynecologic oncologist were properly staged. In contrast, only 52% of 
patients operated on by general obstetrician/gynecologists and 35% of patients 
who saw general surgeons were staged appropriately [81]. Surgeries performed by 
gynecologic oncologists have a better prognosis than those treated by other 
surgeons, especially when performed at a high-volume tertiary hospital [82 - 85]. 
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The new minimally-invasive technologies have shaped the surgical management 
of primary ovarian cancer. Staging of a stage I ovarian cancer using laparoscopic 
methods has been documented [86]. Since that time, laparoscopic paraaortic 
lymph node dissection has been reported along with its associated morbidity [87 - 
91]. There have been few high-quality studies about use of laparoscopy for 
ovarian cancer staging. A meta-analysis of 11 observational studies of women 
with presumed stage I or II ovarian cancer found no difference between 
laparoscopy and laparotomy in operative duration, but laparoscopic surgery was 
associated with decreased blood loss (244 versus 467 mL) [92]. There was a low 
rate of conversion to laparotomy (3.7 percent). Many women were upstaged after 
laparoscopy (22 percent), but this did not differ significantly from laparotomy in 
three comparative studies. There are no long-term data on the effect on 
progression-free and overall survival between the two techniques for staging 
procedures. Data from small studies suggest that the stage assigned via 
laparoscopy does not differ from laparotomy [93 - 96]. 


At present, laparoscopic surgical staging of early ovarian cancer can be 
technically difficult and should be reserved for select cases performed by 
surgeons with the appropriate training [97]. With the recent randomized trials 
demonstrating the utility of neoadjuvant, chemotherapy, laparoscopy is now 
frequently utilized to assess the feasibility of cytoreductive surgery to triage 
patients to neoadjuvant chemotherapy [9, 10]. 


More recently, robotic-assisted laparoscopy has been increasingly employed for 
selected cases of early stage ovarian cancer staging [98 - 102]. There have also 
been reports of selective use of conventional laparoscopy or robotic surgery to 
achieve optimal cytoreduction in selected cases for primary or interval 
cytoreduction [103]. 


CHEMOTHERAPY FOR EPITHELIAL OVARIAN CANCER 


EOC is known as one of the most chemo-sensitive malignancies. In the US, 
approximately 22,440 patients are diagnosed with EOC each year in the US and 
about 14,080 die from EOC [1]. Most patients who respond initially will 
experience recurrences and die of their disease. Roughly 70-80% of patients 
recently diagnosed with advanced disease will achieve complete clinical response 
to primary platinum plus taxane chemotherapy [31, 104]. The most commonly 
used platinum compound is carboplatin. It is a second-generation platinum 
compound which is less nephrotoxic, neurotoxic, and emetogenic but as effective 
as cisplatin [32]. Platinum and paclitaxel are considered the standard 
chemotherapy agents for initial treatment of EOC. However, there is debate 
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regarding the best route, dose density, and intensity, and sequence of therapy for 
initial treatment. Additionally, the best chemotherapeutic therapy for patients with 
recurrence is still controversial. In this review, we will summarize the cardinal 
clinical trials (mostly level I data) that form the foundation for adjuvant therapy in 
EOC. The details of the individual trials can be found in the references as well as 
the incidence of side effects and adverse events. 


EARLY STAGE DISEASE 


Patients with low-risk, stage IA, grade 1 tumors are usually treated with surgery 
alone. These women have a 95% overall 5-year survival rate, thereby, making 
adjuvant chemotherapy unnecessary [26, 105]. Despite this excellent 5-year 
prognosis, 20-30% of women with early-stage EOC ultimately die from their 
disease. Patients with a high risk of recurrence should be identified because these 
women should receive chemotherapy. However, identifying which patients have a 
high risk of recurrence has been difficult. Trials with long term follow up (5-10+ 
years) have demonstrated that the overall survival of patients with high-risk early 
ovarian cancer improves when adjuvant chemotherapy is administered [25, 26, 
106]. A combined analysis of two parallel randomized clinical trials in early 
ovarian cancer, ICON 1 and ACTION, comparing platinum-containing adjuvant 
chemotherapy to observation following surgery was performed. In a study 
enrolling 924 patients, an 8% increase in survival was noted in the cohort 
receiving adjuvant chemotherapy compared to those who were observed [106 - 
108]. Based on recurrence rates and improvement in survival, stage IA, grade 2 
and 3 and higher should be treated with chemotherapy. 


Duration of treatment is one of the most controversial issues regarding treatment 
for early stage EOC. Traditionally, chemotherapy has been given over six to eight 
cycles in advanced ovarian cancer. GOG 157 [109] was a trial of adjuvant therapy 
randomizing 3 versus 6 rounds of paclitaxel (175mg/m’) and carboplatin every 3 
weeks in patients with stages stage IA grade 3, IB grade 3, clear cell, IC, and 
completely resected stage II EOC. The authors suggested that three cycles would 
be appropriate after surgical staging for patients with high-risk, early-stage 
endometrioid ovarian cancer (EOC). An additional three cycles would only 
produce a small reduction in recurrence and increase toxicity. This study did have 
several issues. The therapy used carboplatin at an area under the curve (AUC) of 
7.5. This is in contrast to conventional therapy, which uses lower dose of an AUC 
of 5-6. The recurrence risk decreased from 25.4% on 3 cycles to 20.1% in 6 
cycles; however, the power of the study was questioned due to the small number 
of subjects. Additionally, 127 out of 427 subjects were inadequately staged [109]. 


Surgical Principles for the Management Ovarian Cancer — Challenges and Innovations 15 


ADVANCED STAGE DISEASE CONVENTIONAL INTRAVENOUS 
CHEMOTHERAPY 


Although platinum and taxane—based chemotherapy continues to be the standard 
treatment for the past 20 years, exciting new chemotherapeutic options have 
flourished in recent years. The gold standard for frontline chemotherapy in 
advanced disease is based on two non-inferiority randomized phase III trials by 
the GOG (158) and AGO utilizing 6 cycles carboplatin (at an AUC of 5-6) and 
paclitaxel (175 mg/m’) every 3 weeks [32, 33, 182]. 


In 2017, the NCCN Panel added carboplatin/liposomal doxorubicin as a first-line 
postoperative intravenous option for stages II to IV ovarian cancer; this regimen 
has a category 2A recommendation. The regimen was added based on a Multi- 
center Italian Trials in Ovarian Cancer-2 (MITO-2), an academic multicenter 
phase II randomized trial in 820 patients with stages HI and IV ovarian cancer 
[110], comparing carboplatin AUC 5 plus liposomal doxorubicin 30 mg/m’, every 
3 weeks versus standard carboplatin/paclitaxel in GOG 158. No significant 
difference was noted in the median overall survival with carboplatin/liposomal 
doxorubicin versus carboplatin/paclitaxel (61.6 and 53.2 months, respectively). 
Toxicity varied between the two groups. Less alopecia and neurotoxicity but more 
hematologic effects were observed with carboplatin/liposomal doxorubicin. This 
regimen could be used for those with a propensity for neurotoxicity or those 
patients who would like to avoid hair loss [182]. 


INTRAPERITONEAL CHEMOTHERAPY 


The reintroduction of intraperitoneal (IP) chemotherapy has significantly 
modified the standard of care for those who have achieved optimal cytoreduction 
(<1 cm). Three randomized controlled studies have demonstrated survival benefit 
when administered IP therapy instead of intravenous (IV) conventional 
chemotherapy [111 - 113]. The GOG 172 reported a 16-month survival benefit in 
those patients receiving intraperitoneal (day 1 cisplatin 100 mg/m’ and day 8 
paclitaxel 60 mg/m’) chemotherapy compared to patients who received 
intravenous therapy (IV) with paclitaxel (175 mg/m’ over 24hrs) and cisplatin (75 
mg/m’). Cisplatin and paclitaxel are delivered as front-line therapy directly into 
the intraperitoneal cavity in patients after they have undergone optimal surgical 
cytoreduction (defined as residual tumor <1 cm in maximal diameter after initial 
surgical cytoreduction). This method has shown statistically significant 
improvement in progression-free and overall survival [111]. In 2006, The 
National Cancer Institute (NCI) endorsed the utilization of IP therapy in an NCI 
Consensus Statement shortly after the findings of this study were published. 
Unfortunately, this strategy is associated with a higher risk of side effects due to 
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the use of cisplatin (rather than carboplatin) and the necessity of an intraperitoneal 
catheter for drug delivery [114]. Only 42% of patients in the GOG 172 trial 
completed all 6 cycles due to toxicity, and the trial did not use the standard 
therapy of paclitaxel and carboplatin (GOG 158) as a comparison. These concerns 
created resistance to the universal application of this protocol in front-line 
chemotherapy; however, some clinicians have adopted a modification of the IP 
protocol (with intraperitoneal cisplatin at 75 mg/m’). Others continue to use 
carboplatin and paclitaxel intravenous chemotherapy, while many patients enroll 
in trials utilizing biologic therapy [183]. 


DOSE-DENSE INTRAVENOUS CHEMOTHERAPY 


JGOG 3016 Trial — Dose-dense weekly administration of paclitaxel is another 
strategy to enhance anti-tumor activity and prolong survival. Preclinical studies 
have suggested that duration of exposure is an important determinant of the 
cytotoxic activity of paclitaxel. Adequate cytotoxicity can be achieved at fairly 
low concentrations of the drug provided that exposure is extended. In the Japanese 
Gynecologic Oncology Group 3016 (JGOG 3016), 631 women, approximately 
half of whom had optimal cytoreduction, were randomly assigned to treatment 
with carboplatin and paclitaxel (every three weeks) or to carboplatin (every three 
weeks) with dose-dense weekly paclitaxel (80 mg/m’). In both arms, the regimen 
was repeated every three weeks for up to nine cycles [115, 116]. With a median 
follow-up of 77 months, dose-dense therapy resulted in: 


A significant improvement in PFS (median, 28 versus 17.5 months, respectively) 
and OS (median, 100.5 versus 62 months) compared with conventional treatment. 


Women with at least 1 cm of residual disease following surgical cytoreduction 
appeared to benefit the most from dose-dense therapy. Compared with conven- 
tional treatment every three weeks, dose-dense treatment resulted in an 
improvement in PFS (median, 17.6 versus 12 months) and OS (median, 51 versus 
33 months). There was no significant advantage to dose-dense treatment for 
patients with optimally cytoreduced disease. Subgroup analysis showed that the 
schedule of treatment did not influence survival outcomes for patients with clear 
cell or mucinous cancers [115]. However, for women with serous and other 
histologic types, dose-dense therapy improved both PFS (median, 28.7 versus 
17.5 months) and OS (median, 100.5 versus 61.2 months) compared with 
conventional therapy. 


Given these long-term outcomes, several clinicians often prefer dose-dense 
therapy to conventional (once every three weeks) treatment, especially in patients 
who had a suboptimal cytoreduction and whose tumors are not of clear cell or 
mucinous type [183]. 
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DOSE-DENSE INTRAVENOUS VS. INTRAPERITONEAL 
CHEMOTHERAPY 


How dose-dense intravenous therapy compares with conventional IV/IP treatment 
is the subject of active investigation. Preliminary data from one randomized study 
suggest that dose-dense IV therapy may result in similar progression-free survival 
as traditional IV/IP therapy with fewer adverse effects [117, 183]. 


In GOG 252, 1560 women with optimally cytoreduced stage II to III ovarian 
cancer were randomly assigned to one of several treatment arms, including a 
dose-dense IV therapy arm (weekly paclitaxel administration and carboplatin 
administered every three weeks) and an IV/IP arm with paclitaxel IV and 
cisplatin/paclitaxel IP (with cisplatin dosed at 75 mg/m’ versus 100 mg/m’, which 
was used in GOG 172). All treatment arms also received bevacizumab, in contrast 
to GOG 172. Those receiving dose-dense IV therapy experienced similar PFS (27 
months) compared with those receiving IV/IP therapy (PFS 28 months). Patient 
symptoms included neurotoxicity, abdominal discomfort, and reported decrease in 
QOL among patients receiving IV/IP therapy with cisplatin [117]. 


Interpretation of this trial is limited by several factors. Firstly, 28 percent of 
patients crossed over from the IV/IP paclitaxel and cisplatin arm to the dose-dense 
IV therapy arm, which may have diluted any potential PFS benefit. Secondly, the 
effect of the addition of bevacizumab to all arms is unknown. Finally, we await 
data on patients who underwent a pathologically confirmed complete surgical 
resection, as this group of patients had historically derived greater PFS benefit 
with IV/IP therapy relative to what was reported in the overall population of GOG 
252. 


At this time and in light of the preliminary results of GOG 252, there is no 
consensus among ovarian cancer experts on whether IP therapy represents the 
standard treatment for women with optimally cytoreduced EOC. Additional 
reasons for this include increased toxicity associated with the IV/IP regimen, 
which frequently results in discontinuation of planned treatment compared with 
standard IV administration of chemotherapy [183] as in GOG 172, 42 and 83 
percent completed planned IV/IP versus IV therapy, respectively [111]. 


NEOADJUVANT CHEMOTHERAPY (NACT) 


Neoadjuvant chemotherapy (NACT) refers to the administration of systemic 
therapy before definitive surgery. The goal of NACT is to reduce perioperative 
morbidity and mortality and increase the likelihood of a complete resection of 
disease at the time of cytoreductive surgery [183]. 
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EORTC 55971 trial — The European Organization for the Research and 
Treatment of Cancer (EORTC) 55971 trial enrolled 670 women with stage 
IIIC/IV epithelial ovarian cancer (EOC) who were randomly assigned to either 
primary debulking surgery (PDS) followed by six cycles of platinum-based 
chemotherapy or to NACT with carboplatin and paclitaxel for three cycles 
followed by interval surgical cytoreduction and adjuvant chemotherapy [118]. 
Compared with PDS, NACT resulted in the following: 


1. A lower rate of complications as compared with initial surgery, including fewer 
postoperative deaths (0.7 versus 2.5 percent, respectively), infections (2 versus 
8 percent), grade 3/4 hemorrhage (4 versus 7 percent), and thrombotic events (0 
versus 2.6 percent). 

2. A higher rate of optimal cytoreduction (defined as <10 mm of residual disease 
at the end of surgery) (81 versus 42 percent). 

3. No difference in median progression-free survival (PFS, 12 months in each 
arm) or overall survival (OS, 29 versus 30 months). However, patients treated 
with primary surgery experienced a statistically nonsignificant improvement in 
overall survival (OS) compared with those who underwent NACT if there was 
no residual disease at the time of surgery (45 versus 38 months, respectively) or 
if there was microscopic residual disease only (i.e., to less than 10 mm residual 
disease, 32 versus 27 months). 


The Chemotherapy OR Upfront Surgery (CHORUS) trial was a non-inferiority 
trial that included 550 women with stage III to IV EOC (16 percent with stage IV 
disease) randomly assigned to primary surgery or NACT [119]. Among patients 
randomly assigned primary surgery, optimal cytoreduction to no residual disease 
were achieved in only 18 percent of patients. Compared with primary surgery, 
NACT resulted in: 


1. Similar OS outcomes compared to primary surgery, including three-year OS 
rate (34 versus 32 percent, respectively) and median OS (24 versus 22.6 
months). 

2. Similar PFS (median, 12 versus 10 months, respectively). The HR for death 
was 0.87 in favor of NACT (95% CI, 0.72-1.05). The upper limit of the 
confidence interval was within the predefined non-inferiority boundary set at 
1.18, which shows that NACT was deemed non- inferior to primary surgery. 
Surgical cytoreduction has determined survival outcomes [54]. However, 
optimal cytoreduction is achieved only in a low percentage of cases, reducing 
any potential survival benefit of this approach [183]. 
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RECURRENT OVARIAN CANCER 


The majority of patients with advanced EOC will have recurrences, despite an 
initial response to chemotherapy. Determining whether a patient is platinum- 
sensitive is the most important factor in management. Response to platinum is 
assessed by the patient’s response to first-line platinum agents and length of 
disease-free (or platinum-free intervals) [120 - 122]. A patient is considered 
“platinum-sensitive” if there is no relapse for six months after the completion of 
first-line platinum agents. “Platinum resistance” refers to patients who have 
progression on treatment (refractory group) or who relapse within 6 months of 
completion of treatment. Although 6 months is given as a guide, there is no 
definite interval that completely separates these two categories of patients. The 
response rates for re-treatment with platinum increases as the disease-free interval 
increases: platinum-free interval <6 months-10%, 6- 12 months-27%, 13- 24 
months 33%, >24 months- 59% [120, 122]. 


PLATINUM-SENSITIVE RECURRENT OVARIAN CANCER 


Women with platinum-sensitive recurrent EOC should be considered for both 
secondary cytoreduction and second-line chemotherapy, with or without anti- 
angiogenesis therapy followed by maintenance therapy. The role of biologic 
therapy with bevacizumab and maintenance therapy with either bevacizumab or a 
PARP inhibitor will be discussed in a later section. 


Each patient must be assessed to optimize treatment in terms of recurrence, 
sensitivity to platinum, toxicity, ease of administration, and patient preference. 
Patients who qualify should be offered the opportunity to participate in 
randomized trials, if available. Combination platinum-based chemotherapy could 
be a solution for patients with prior sensitivity to platinum-containing 
chemotherapy, barring any contraindications. 


1. At least two large randomized clinical trials have demonstrated the superiority 
of a platinum-based doublet over platinum monotherapy in platinum-sensitive 
recurrent patients. The ICON- 4/AGO-OVAR 2.2 trial [123] demonstrated that 
the combination of paclitaxel-carboplatin (or cisplatin) is likely to provide a 
survival benefit compared with carboplatin monotherapy. This benefit was 
more apparent in patients with a treatment free-interval >12 months. 

2. Moreover, the AGO-OVAR 2.5 trial, with the cooperation of National Cancer 
Institute of Canada Clinical Trials Group (NCIC CTG) and European 
Organization for Research and Treatment of Cancer Gynecological Cancer 
Group (EORTC GCG), has confirmed the advantage in response rate and 
progression free survival of the doublet carboplatin-gemcitabine compared to 
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carboplatin [124]. 

3. The Calypso trial [125] was a multicenter phase III study designed to compare 
efficacy and safety of arboplatin-pegylated liposomal doxorubicin (PLD) (C-D) 
and carboplatin-paclitaxel (C-P) in relapsed platinum-sensitive Ovarian Cancer 
patients. This trial showed significant superiority of PLD-carboplatin 
combination in terms of PFS (11.3 vs.. 9.4 months, HR 0.821, p= .005). In 
addition, compared to paclitaxel-carboplatin, PLD-carboplatin was well 
tolerated with lower rates of severe and long-lasting (neuropathy) toxicities. 
This was also confirmed in a Cochrane review of Gynecological Cancer Group 
(CGCG) trials register [126]. 


If combination platinum-based chemotherapy is not appropriate, either due to a 
history of a hypersensitivity reaction or persistent toxicities from first-line 
therapy, then a single platinum agent should be considered. Carboplatin has 
demonstrated efficacy across trials and has a manageable toxicity profile. If a 
single platinum agent is not appropriate, then monotherapy with the following 
agents are among the most active agents for women with platinum-sensitive 
recurrent EOC: pegylated liposomal doxorubicin [127], paclitaxel [128], 
docetaxel [129], nanoparticle albumin-bound paclitaxel, gemcitabine [130], 
topotecan [127, 131], or etoposide [132]. A choice among them should take into 
account patient preferences and toxicity profile [184]. 


PLATINUM-RESISTANT RECURRENT OVARIAN CANCER 


Combination chemotherapy versus monotherapy is a clinically relevant dilemma 
for clinicians involved in the treatment of recurrent EOC patients. Combination 
chemotherapy has a higher toxicity profile without a clear benefit to patients with 
platinum-resistant relapse. Therefore, resistant patients should consider clinical 
trials or a monotherapy with less toxic side effects. The list of agents effective in 
ovarian cancer treatment includes paclitaxel [133, 134], docetaxel [135], 
nanoparticle albumin-bound paclitaxel [136], topotecan [137 - 139], doxorubicin, 
pegylated liposomal doxorubicin [138, 140], gemcitabine [140], cyclophos- 
phamide, etoposide [132], ifosfamide [141, 142], vinorelbine [143, 144], 
altretamine (hexamethylmelamine) and melphalan (alkeran). In addition, 
premetrexed [145] and trabectedin [146, 147] have recently been shown to have 
significant activity in ovarian cancer. There are multiple agents with activity in 
platinum-resistant EOC, but there is not one universally preferred agent for use in 
the first- or subsequent-line treatment. A Cochrane systematic review of trials (n = 
1323) with platinum-resistant EOC concluded that topotecan, paclitaxel, and 
pegylated liposomal doxorubicin (PLD) have similar efficacy, but different 
patterns of side effects [137]. A choice among these agents depends upon the 
clinician's experience, the side effect profile, and prior therapy. In general, at our 
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institution, we prefer single-agent treatment with PLD because of its schedule 
(i.e., once every four weeks administration) and lack of typical side effects 
associated with chemotherapy (e.g., little risk of myelosuppression, no risk of 
alopecia). The addition of biologic therapy with bevacizumab to single agent 
chemotherapy for platinum-resistant disease will be discussed below. 


ANGIOGENESIS INHIBITORS BEVACIZUMAB 


Bevacizumab hinders angiogenesis, thereby, decreasing the growth of new tumor. 
In patients with recurrent and resistant ovarian tumors, an objective response rate 
of 20% has been seen with single-agent bevacizumab [5, 16]. Garcia et al. 
demonstrated a 24% partial response and 44% stable disease rate in a heavily 
pretreated group of patients with recurrent ovarian cancer who received 
bevacizumab and metronomic oral cyclophosphamide [148]. 


BEVACIZUMAB IN FRONT LINE THERAPY 


The incorporation of bevacizumab as part of a first-line treatment program for 
women with newly diagnosed EOC was evaluated in two trials conducted by 
GOG 218 and the International Collaborative on Ovarian Neoplasms (ICON 7): 


GOG 218 — GOG 218 was a randomized placebo-controlled study involving 
almost 1900 women with stage HI or IV EOC who had undergone surgical 
cytoreduction [149]. Women were randomly assigned to standard chemotherapy, 
bevacizumab (15 mg/kg every 3 weeks) concurrently with standard 
Taxol/carboplatin chemotherapy, or bevacizumab concurrently with standard 
chemotherapy and continuing as monotherapy until month 15. Standard 
chemotherapy consisted of six cycles of paclitaxel and carboplatin. Due to 
progressive disease, only 19 percent of patients completed all planned treatment. 
At a median follow-up of 17 months, compared with standard chemotherapy, 
there was no difference in PFS with the addition of concurrent bevacizumab (11 
versus 10 months). However, PFS was longer among patients receiving 
bevacizumab both concurrently and after chemotherapy (14 months). This 
translated into a significant reduction in the risk of disease progression or death 
(HR 0.72, 95% CI 0.63-0.82). There was no improvement in OS with 
bevacizumab in either arm receiving the drug; median OS across all arms was 
approximately 39 months. An unplanned subgroup analysis demonstrated, 
however, that treatment with bevacizumab improved PFS and OS specifically in 
women with ascites but not in other women [150]. 


ICON7 — The Gynecologic Intergroup Trial (ICON7) randomly assigned 1528 
previously untreated women with high-risk, early-stage (I or IIA clear cell or 
grade 3) or advanced EOC to standard chemotherapy (carboplatin AUC 5 or 6 and 
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paclitaxel 175 mg/m’ every 3 weeks) for six cycles with or without bevacizumab 
(7.5 mg/kg) during chemotherapy and, then, as maintenance treatment for 12 
additional cycles. Unlike GOG 218, over 90 percent of patients completed 
assigned treatment. Of those assigned to treatment with bevacizumab, 62 percent 
completed the maintenance phase. Compared with standard chemotherapy, the 
incorporation of bevacizumab resulted in an increase in the overall response rate 
(ORR, 67 versus 48 percent), a longer median PFS at 42 months follow-up (24 
versus 22 months), and more serious (grade 3/4) adverse events (66 versus 56 
percent), including a higher rate of mild to serious (grade 2 or higher) 
hypertension (18 versus 2 percent) [151]. There was no difference in overall 
survival or global QOL. For women at high risk for progression (stage III with 
>1.0 cm residual disease at the end of surgery, inoperable stage III, or stage IV), 
bevacizumab was associated with improvement in PFS (16 versus 10.5 months, 
respectively) and OS (39.3 versus 34.5 months) [152]. However, this analysis was 
a post-hoc subgroup analysis and requires prospective validation before being 
accepted as a definitive result. 


In summary, at our institution, we do not routinely recommend angiogenesis 
inhibitors in combination with initial chemotherapy for advanced EOC, largely 
because only modest benefits have been demonstrated in randomized first-line 
trials. However, it is worthy for consideration for patients at high risk for 
progression (stage II] with >1.0 cm residual disease at the end of surgery, 
inoperable stage III, or stage IV) or with massive ascites [182, 183]. 


BEVACIZUMAB IN PLATINUM-SENSITIVE RECURRENT OVARIAN 
CANCER 


The use of bevacizumab should be considered in combination with platinum- 
based chemotherapy and as single-agent maintenance treatment for women with 
platinum-sensitive recurrent EOC. The data regarding bevacizumab specifically 
for women with platinum-sensitive recurrent EOC come from two seminal 
randomized trials: 


1. OCEANS trial — In the phase III study of carboplatin and gemcitabine plus 
bevacizumab in EOC (also referred to as the OCEANS study), 484 women with 
platinum-sensitive EOC were randomly assigned to carboplatin (AUC 4 on day 
1) and gemcitabine (1000 mg/m? on days 1 and 8) with cycles repeated every 
21 days with or without bevacizumab (15 mg/kg on day 1 every three weeks) 
concurrent with chemotherapy for 10 cycles maximum, followed by 
bevacizumab alone until disease progression or toxicity [153 - 155]. Bevaci- 
zumab with chemotherapy resulted in the following when compared with 
chemotherapy plus placebo: 
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1. An improvement in PFS (12 versus 8 months); however, OS was similar 
between the two arms (34 versus 33 months). 

2. A higher objective response rate (79 versus 57 percent). 

3. A higher rate of treatment discontinuation for adverse events (23 versus 5 
percent), including higher rates of serious hypertension (17 versus <1 
percent), proteinuria >grade 3 (9 versus 1 percent), and non-central nervous 
system bleeding (6 versus 1 percent). Of note, there were no cases of 
gastrointestinal perforation reported. 

2. GOG 213 — In the GOG 213 trial, women with platinum-sensitive recurrent 
EOC were randomly assigned to surgical treatment (secondary cytoreduction 
versus no secondary cytoreduction) and separately, to chemotherapy (carbo- 
platin and paclitaxel) with or without bevacizumab [156]. For those patients 
treated with bevacizumab, it was administered with chemotherapy and then 
continued as a single agent until disease progression. 


The results of the medical treatment randomization, which included almost 700 
women, were presented at the 2015 Annual Meeting for Women’s Cancers [156]. 
Compared with treatment with chemotherapy alone, the administration of 
bevacizumab resulted in: 


. An improvement in PFS (14 versus 10 months, respectively). 

. A trend towards improved OS, which was significant upon reanalysis using 
corrected data obtained from electronic case report forms (43 versus 37 months, 
respectively; HR 0.82, 95% CI 0.68-0.996). 

3. Higher rates of serious (grade 3/4) gastrointestinal complications, such as 

perforation, necrosis, or fistula (6 versus 3 percent), and infections (13 versus 6 

percent). In addition, combination treatment resulted in more reports of joint 

pain (15 versus 5 percent) and proteinuria (8 versus 0 percent). 


Ne 


The data consistently demonstrate that incorporating bevacizumab can improve 
PFS for women with a platinum-sensitive recurrent EOC and may also improve 
OS. Clinicians should discuss the potential benefits to those with platinum- 
sensitive disease in the context of patient preferences. For example, women with 
severe hypertension may opt against the use of bevacizumab [183]. 


BEVACIZUMAB IN PLATINUM-RESISTANT RECURRENT OVARIAN 
CANCER 


For appropriately selected patients with platinum-resistant EOC, combining 
single-agent chemotherapy with bevacizumab, a vascular endothelial growth 
factor receptor (VEGFR), is indicated with the following caveats: that there is no 
history of bowel obstruction in the past six months or evidence of malignant 
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bowel involvement [184]. 


This recommendation is based on the AURELIA study, which included 361 
patients with platinum-resistant ovarian cancer (defined as progression <6 months 
after >4 platinum-based cycles) who were randomly assigned treatment with 
chemotherapy plus or minus bevacizumab (15 mg/kg every three weeks) [157]. 
All patients met specific eligibility criteria, including: 


e No evidence of disease progression during platinum-based chemotherapy (i.e., 
chemo refractory disease) 

e No more than two prior lines of chemotherapy 

e No prior treatment with bevacizumab 

e No history of bowel obstruction (although as stated above, we administer the 
combination to patients with no history of bowel obstruction in the past six 
months or evidence of malignant bowel involvement) 


Chemotherapy options were based on the investigator's choice of one of the 
following: 


e Paclitaxel 80 mg/m’ on days 1, 8, 15, and 22 every four weeks (n = 115) 

e Topotecan 4 mg/m’ on days 1, 8, and 15 every four weeks (or 1.25 mg/m’ on 
days 1 through 5 every three weeks) (n = 120) 

e Pegylated liposomal doxorubicin (PLD) 40 mg/m’ on day 1 every four weeks 
(n= 126) 


Of note, patients who received chemotherapy alone were allowed to cross over to 
single-agent bevacizumab at the time of disease progression. With a median 
follow-up of 13.5 months, compared with chemotherapy alone, chemotherapy 
plus bevacizumab resulted in: 


1. A statistically significant improvement in the overall response rate (ORR, 31 
versus 13 percent, respectively). 

2. A reduction in the risk of disease progression (median duration 6.7 versus 3. 4 
months), but no statistically significant improvement in overall survival 
(median 16.6 versus 13.3 months). 

3. An increase in the rate of grade 2 or greater adverse events, including 
hypertension (20 versus 7 percent) and proteinuria (11 versus 0.6 percent). In 
addition, four patients (2.2 percent) treated with bevacizumab experienced a 
gastrointestinal perforation. 


The results of a planned subset analysis of the AURELIA study evaluated the 
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outcomes associated with the individual regimens [158]. The addition of 
bevacizumab to chemotherapy consistently resulted in better outcomes compared 
with treatment with chemotherapy alone: 


1. Among those who received paclitaxel, the ORR was 53 versus 30 percent with 
or without bevacizumab, respectively; median progression-free survival (PFS) 
was 10 versus 4 months. 

2. Among those who received topotecan, the ORR was 17 versus 0 percent; 
median PFS was 6 versus 2 months. 

3. Among those who received PLD, the ORR was 14 versus 8 percent; median 
PFS was 5 versus 4 months. 


Therefore, these results support the use of chemotherapy plus bevacizumab in the 
treatment of appropriately selected women with platinum-resistant ovarian cancer. 
Moreover, in November 2014, bevacizumab plus chemotherapy was approved for 
this specific indication by the US Food and Drug Administration (FDA) [184]. 


OTHER ANGIOGENESIS INHIBITORS 
Cediranib 


Cediranib is an investigational oral inhibitor of the vascular endothelial growth 
factor receptors (VEGFR1, 2, and 3). In the International Collaborative Ovarian 
Neoplasms trial (ICON6), over 450 patients were treated with platinum-based 
chemotherapy alone (reference arm) or with concurrent cediranib (concurrent 
arm); or with concurrent and maintenance cediranib for 18 months (maintenance 
arm) [159]. Due to drug shortages after the manufacturer discontinued production, 
the trial was redesigned to evaluate the reference and concurrent arms only, using 
PFS rather than OS as the primary outcome measure. At a median follow-up of 
19.5 months, maintenance cediranib treatment improved PFS (11.0 versus 8.7 
months) [159]. While there was also a trend towards improved OS (median, 26.3 
months versus 21.0 months), data were immature given that approximately 50 
percent of patients were still living at the time of data collection. Toxicity led to 
treatment discontinuation for 12 percent of patients on the reference arm and 39 
percent of patients on the maintenance cediranib arm. Diarrhea, neutropenia, 
hypertension, voice changes, and hypothyroidism were more common with 
cediranib treatment. 


Given that the reported survival advantage required that maintenance therapy 
continue for an additional 18 months, the benefit of treatment is not entirely clear, 
especially given the toxicities associated with this drug [183]. 
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Pazopanib 


Pazopanib is an orally administered tyrosine kinase inhibitor against the vascular 
endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and c- 
kit receptors. Its role in maintenance treatment was evaluated in a trial conducted 
by the Arbeitsgemeinschaft Gynaekologische Onkologie Studiengruppe 
Ovarialkarzinom group (AGO-OVAR 16) that included over 900 women who 
had surgery for EOC and subsequently completed standard first- line 
chemotherapy without evidence of disease progression [160]. Patients were 
randomly assigned to pazopanib (800 mg daily) for up to 24 months or placebo. 
Compared with placebo, maintenance treatment with pazopanib resulted in a 
significant improvement in PFS (18 versus 12 months, respectively). An interim 
survival analysis suggested that there was no corresponding improvement in 
overall survival. Treatment with pazopanib was associated with significant grade 
2 or greater hypertension (52 versus 17 percent), grade 3 or 4 diarrhea (8 versus 1 
percent), and grade 3 or 4 hepatotoxicities (9 versus <1 percent). 


Unlike the bevacizumab trials, the AGO-OVAR16 was the only prospective trial 
to evaluate maintenance angiogenesis inhibition as a single agent at the 
completion of first-line chemotherapy. However, it provides more evidence that 
maintenance therapy using an angiogenesis inhibitor can prolong PFS. However, 
until this is shown to also improve OS, we do not administer angiogenesis 
inhibitors in this context as part of standard clinical practice [183]. 


ENDOCRINE THERAPY 


For women with radiologic evidence of disease progression but with little or no 
symptoms associated with recurrent EOC, endocrine therapy can be a reasonable 
option. These studies illustrate the potential role for endocrine agents: 


Tamoxifen — The efficacy of tamoxifen was explored in a Cochrane review that 
included 623 women with recurrent EOC who participated in 1 of 14 studies 
[161]. Overall, 60 women (10 percent) achieved an objective response to 
tamoxifen alone, although the range within individual studies was 0 to 56 percent. 
An additional 32 percent achieved stable disease for periods of longer than four 
weeks. 


In a randomized trial of 138 patients with platinum-resistant ovarian cancer [162], 
randomly assigned in a 2:1 ratio to chemotherapy (paclitaxel or pegylated 
liposomal doxorubicin) versus tamoxifen, those receiving tamoxifen experienced 
a shorter median PFS (8.3 versus 12.7 weeks). However, overall survival and 
control of gastrointestinal symptoms were similar between the two groups. Both 
hematologic and nonhematologic side effects as well as worsened social 
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functioning were more frequent with chemotherapy. 


Letrozole — In a phase II trial of letrozole in 42 women with estrogen receptor- 
positive recurrent EOC based on cancer antigen (CA) 125 values, a serologic 
decrease in CA 125 >50 percent was seen in 17 percent. Radiologic response was 
noted in 3 of 33 women (9 percent) [163]. 


Fulvestrant — In a phase II trial, the selective estrogen receptor down-regulator, 
fulvestrant (500 mg IM on day | then 250 mg on days 15, 29, and then every 28 
days), was administered to 26 women with estrogen receptor-positive recurrent 
EOC. While there were no objective responses, 50 percent had stable disease and 
one patient normalized a previously elevated serum CA-125. The median time to 
disease progression was 60 days, and treatment was well tolerated [163]. 


Although the studies with letrozole and fulvestrant selected patients with estrogen 
receptor- positive disease, we do not routinely perform estrogen receptor testing 
in women with recurrent EOC. We reserve the use of endocrine therapy for 
women with asymptomatic recurrent disease. In addition, we prefer observation to 
endocrine therapy in the setting of CA-125 relapse, given the results of a 
randomized trial showing no benefit to initiation of treatment solely defined by 
CA 125. 


PARP INHIBITORS 


Patients with a BRCA mutation — For patients with recurrent EOC and a known 
germline mutation involving the BRCA genes, and who have progressed on 
multiple prior lines of therapy, a poly-ADP ribose polymerase (PARP) inhibitor is 
now an option. For women with BRCA mutation-associated advanced ovarian 
cancer, rucaparib, a PARP inhibitor, is US Food and Drug Administration (FDA)- 
approved for those who have progressed after at least two prior lines of treatment, 
and olaparib, another PARP inhibitor, is approved after at least three prior lines. 


Olaparib — Patients with advanced cancer and a germline BRCA mutation may 
respond to olaparib if they have experienced progression on multiple previous 
lines of chemotherapy [164, 165]. A meta-analysis of phase I and II trials 
including 273 patients with advanced ovarian cancer, in a cohort of 205 patients 
who had received >3 lines of showed chemotherapy [165]: 


e The tumor response rate was 31 percent. 

e The median duration of response was 7.8 months. 

e The rate of serious (grade 3/4) toxicities was 54 percent with the most frequent 
toxicities being anemia and fatigue. 
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Rucaparib — Rucaparib is approved for use in the United States to treat patients 
with advanced ovarian cancer who harbor either a deleterious germline or somatic 
BRCA mutation who have undergone at least two chemotherapies. It may be used 
in either platinum-resistant or platinum-sensitive disease. A pooled analysis of 
two phase II studies in which 106 patients with BRCA-mutated, high-grade 
ovarian cancer who had received at least two chemotherapy regimens were treated 
with rucaparib [166], with an objective response rate (ORR) of 54 percent and 
duration of response of 9.2 months. 


The safety of rucaparib was evaluated in 377 patients with advanced ovarian 
cancer. Common adverse reactions included nausea, fatigue, abdominal pain, 
dysgeusia, constipation, decreased appetite, diarrhea, thrombocytopenia, and 
dyspnea. Myelodysplastic syndrome/acute myeloid leukemia (MDS/AML) were 
reported in 2 of 377 patients (0.5 percent). 


PARP INHIBITORS FOR MAINTENANCE 


For patients with platinum-sensitive relapsed ovarian cancer with a partial or 
complete response to platinum-based chemotherapy, PARP inhibitors niraparib 
and olaparib are approved by the FDA for maintenance therapy [183]. 


Niraparib —Niraparib has shown efficacy as maintenance therapy in platinum- 
sensitive, relapsed disease, which appears independent of the presence of either 
BRCA mutation or homologous recombination deficiency (HRD). In the phase III 
NOVA study, 553 patients with platinum-sensitive, recurrent ovarian cancer were 
randomly assigned after completion of platinum-based chemotherapy in a 2:1 
ratio to niraparib maintenance or placebo [167]. All patients were grouped 
according to BRCA germline mutation status (gBRCA cohort or non-gBRCA 
cohort); those in the non-gBRCA cohort were further classified by the presence or 
absence of a homologous recombination deficiency (HRD, using a central 
laboratory DNA-based test). Patients with a somatic mutation (sBRCA) were 
included in the non-gBRCA HRD cohort. Compared with placebo, niraparib 
increased PFS in all cohorts: in the gBRCA group, 21.0 versus 5.5 months; in the 
overall non-gBRCA cohort, 9.3 versus 3.9 months; and in the HRD-positive 
subgroup of the non-gBRCA cohort, 12.9 versus 3.8 months. The most common 
grade 3 or 4 toxicities associated with niraparib were hematologic: 
thrombocytopenia (34 percent), anemia (25 percent), and neutropenia (20 
percent). Myelodysplastic syndrome occurred in 5 of 367 patients (1.4 percent). 


Olaparib - Olaparib has also been studied as maintenance therapy for those with 
platinum- sensitive relapsed disease in both women regardless of a BRCA 
mutation (Study 19) [168] and specifically, in those with a BRCA mutation 
(SOLO2). 
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In the phase III SOLO2/ENGOT-Ov21 trial, in which 295 patients with 
relapsed, platinum-sensitive, germline BRCA- associated high-grade serous 
ovarian cancer or high-grade endometrioid cancer who had received at least two 
lines of previous chemotherapy were randomly assigned in a 2:1 ratio to olaparib 
maintenance or placebo [169]. Those receiving olaparib experienced improved 
PFS (19.1 versus 5.5 months). Grade 3 or higher adverse events occurred in 18 
percent of those receiving olaparib versus 8 percent of those receiving placebo. 


HEATED INTRAPERITONEAL CHEMOTHERAPY (HIPEC) 


The administration of heated intraperitoneal chemotherapy (HIPEC) is indicated 
for mucinous carcinomas such as appendiceal carcinoma and pseudomyxoma 
peritonei. Given the tendency of recurrent ovarian cancer to present as abdominal 
disease, there is growing interest in the use of HIPEC for women with recurrent 
EOC following surgical cytoreduction. However, HIPEC is still considered an 
investigational modality for the treatment of patients with platinum-sensitive 
recurrent EOC [170 - 172]. 


The best prospective randomized data supporting HIPEC investigated whether the 
addition of HIPEC to interval cytoreductive surgery would improve outcomes 
among patients who were receiving neoadjuvant chemotherapy for primary stage 
III epithelial ovarian cancer [173]. Of the 245 patients, disease recurrence 
occurred in 110 of the 123 patients (89%) who underwent cytoreductive surgery 
without HIPEC (surgery group) and in 99 of the 122 patients (81%) who 
underwent cytoreductive surgery with HIPEC (surgery-plus-HIPEC group) 
(P=0.003). The median recurrence-free survival was 10.7 months in the surgery 
group and 14.2 months in the surgery-plus-HIPEC group. At a median follow-up 
of 4.7 years, 76 patients (62%) in the surgery group and 61 patients (50%) in the 
surgery-plus-HIPEC group had died (P=0.02). The median overall survival was 
33.9 months in the surgery group and 45.7 months in the surgery-plus- HIPEC 
group. Rate of grade 3 or 4 adverse events was similar in the two groups (25% in 
the surgery group and 27% in the surgery-plus-HIPEC group, P=0.76). 


IMMUNOTHERAPY 


Immunomodulation 


Immunomodulation with novel immune checkpoint inhibitors such as CTLA-4 
inhibitors (ipilimumab), PD-1 inhibitors (nivolumab, pembrolizumab), and 
PDL-1 inhibitors (atezolizumab, avelumab, durvalumab) has produced a great 
deal of excitement in recent years, and some of these agents have been approved 
in a number of solid tumors including melanoma, kidney cancer, and lung cancer. 
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A small trial of nivolumab in 20 patients with platinum-resistant ovarian cancer 
demonstrated an overall response rate of 15%. Two of these responders had 
complete responses that lasted 17 and 14 months (nivolumab was given only for a 
year); one of these had a clear cell carcinoma [174]. The prolonged duration of the 
responses achieved has generated substantial excitement, and multiple trials are 
attempting to determine which ovarian cancer patients will benefit from such 
immunotherapies. 


There remains interest in vaccine-type therapies, which have used a variety of 
antigens, including MUC 1 carbohydrate epitope [175], p53 peptide [176], 
HER2/neu peptides [177], and the cancer-testis antigen NY-ESO-1 [178, 179], 
which are sometimes directly injected, sometimes loaded onto dendritic cells, and 
sometimes expressed in recombinant viral vectors. However, there have been no 
randomized trials published showing clinical benefit. No immunotherapy has yet 
been approved for the therapy of ovarian cancer. 


To test whether a diversified prime and boost regimen targeting NY-ESO-1 will 
result in clinical benefit, Odunsi and colleagues conducted two parallel phase II 
clinical trials of recombinant vaccinia-NY-ESO-1 (rV-NY-ESO-1), followed 
by booster vaccinations with recombinant fowlpox-NY-ESO-1 (rF-NY-ESO-1) in 
25 melanoma and 22 epithelial ovarian cancer (EOC) patients with advanced 
disease who were at high risk for recurrence/progression. Integrated NY- ESO-1- 
specific antibody and CD4(+) and CD8(+) T cells were induced in a high 
proportion of melanoma and EOC patients. The median PFS in the melanoma 
patients was 9 month (range, 0-84 months) and the median OS was 48 months 
(range, 3-106 months). In EOC patients, the median PFS was 21 months (95% CI, 
16-29 months), and median OS was 48 months (CI, not estimable). CD8(+) T 
cells derived from vaccinated patients were shown to lyse NY-ESO-1-expressing 
tumor targets. These data provide preliminary evidence of clinically meaningful 
benefit for diversified prime and boost recombinant pox-viral-based vaccines in 
melanoma and ovarian cancer and support further evaluation of this approach in 
these patient populations [178]. 


As NY-ESO-1 is regulated by DNA methylation, Odunsi and colleagues 
hypothesized that DNA methyltransferase (DNMT) inhibitors may augment NY- 
ESO-1 vaccine therapy. In agreement, global DNA hypomethylation in EOC was 
associated with the presence of circulating antibodies to NY-ESO-1. Pre-clinical 
studies using EOC cell lines showed that decitabine treatment enhanced both NY- 
ESO-1 expression and NY-ESO-1-specific CTL-mediated responses. Based on 
these observations, they performed a phase I dose-escalation trial of decitabine, 
as an addition to NY-ESO-1 vaccine and doxorubicin liposome (doxorubicin) 
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chemotherapy, in 12 patients with relapsed EOC. The regimen was safe, with 
limited and clinically manageable toxicities. Both global and promoter-specific 
DNA hypomethylation occurred in blood and circulating DNAs, the latter of 
which may reflect tumor cell responses. Increased NY-ESO-1 serum antibodies 
and T cell responses were observed in the majority of patients, and antibody 
spreading to additional tumor antigens was also observed. Finally, disease 
stabilization or partial clinical response occurred in 6/10 evaluable patients. Based 
on these encouraging results, evaluation of similar combinatorial chemo- 
immunotherapy regimens in EOC and other tumor types was considered 
warranted. 


OTHER NEW DIRECTIONS 


The folate receptor is highly overexpressed in ovarian cancer, and a number of 
therapies have attempted to take advantage of this. IMGN853 (mirvetuximab 
soravtansine) is a folate receptor alpha-targeting antibody drug conjugate that 
comprises a folate receptor alpha-binding antibody conjugated with the potent 
maytansinoid, DM4. It is associated with some ocular toxicity. A preliminary 
report in 46 heavily pretreated platinum-resistant patients confirmed an objective 
response rate was 26%, including one complete and 11 partial responses, and the 
median PFS was 4.8 months. The median duration of response was 19.1 weeks. 
Notably, in the subset of patients who had received three or fewer prior lines of 
therapy (n = 23), an objective response rate of 39%, PFS of 6.7 months, and 
duration of response of 19.6 weeks were observed [180]. 


Other antibody—drug conjugates have also had promising preliminary results in 
the therapy of ovarian cancer, but remain early in development. DMOT4039A is 
an antibody—drug conjugate targeting mesothelin. Three of 10 ovarian cancer 
patients with platinum-resistant ovarian cancer and a mesothelin IHC score of 3+ 
treated on the q3 week schedule at the recommended phase 2 dose level had a 
confirmed partial response [181]. 


Aberrant DNA methylation is a frequent epigenetic event in ovarian cancer and 
represents an additional source of potential molecular markers. Hypomethylating 
agents and histone deacetylase inhibitors are currently being studied in 
combination with standard chemotherapies. Matei et al. tested low-dose deci- 
tabine administered before carboplatin in 17 patients with heavily pretreated and 
platinum-resistant ovarian cancer. 


The regimen induced a 35% objective RR and a PFS of 10.2 months, with 9 
patients (53%) free of progression at 6 months. Demethylation of MLH1, 
RASSFIA, HOXA10, and HOXA11 in tumor biopsies after treatment positively 
correlated with PFS, suggesting that low-dose decitabine altered DNA 
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methylation of genes, restoring sensitivity to carboplatin [182]. 
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Abstract: Ovarian cancer is the fifth leading cause of cancer death in American 
women. The term ‘ovarian cancer’ is loosely used by laymen to refer to ovarian 
malignancies from all classes of ovarian tumors (sex-cord stromal, germ cell and 
epithelial). In this chapter, we will discuss specifically the ovarian carcinomas, derived 
from epithelium, historically thought to be derived from the germinal epithelium but 
now shown to include fallopian tube epithelium. Ovarian carcinomas constitute a 
diverse group of neoplasms for which this chapter will discuss: clinical features 
including symptoms, gross findings, tumor histology with illustrations, 
immunohistochemical features used in working up the pathologic diagnosis, molecular 
features, and prognosis. 


Keywords: BRCA, Borderline, Clear cell, ERBB2, Endometrioid, Hereditary, 
HNPCC, KRAS, Low-grade, Mucinous, P53, PIK3CA, Pathogenesis, Prognosis, 
RRSO, Serous, STIC, PTEN, STIL. 


INTRODUCTION 


Ovarian cancer is a deadly disease, ranking fifth in cancer deaths among women 
in the United States. According to the American Cancer Society, in 2016, there 
are 22,000 new cases of ovarian cancer reported; however, it is disproportionally 
lethal, accounting for 14,000 deaths [1]. In fact, ovarian cancer is responsible for 
more deaths in the United States than any other gynecologic malignancy. The 
disproportionate high mortality rate can be attributed to a combined result of 
nonspecific symptoms, late stage, and a lack of an effective, sensitive screening 
test. Vaginal ultrasound and serum CA125 are ovarian cancer screening 
techniques that lack sensitivity and specificity to detect these lesions at a curable 
stage due to the microscopic size at the origin, even when disseminated. 
Therefore, patients ultimately present at an advanced stage (stage III) and little 
chance of achieving a cure as most cannot be eradicated at surgery. 
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Typically, ovarian carcinoma occurs in the postmenopausal setting, in women 
over the age of 60. In the United States, the median age at diagnosis is 63 years 
and at death is 71 years [2]. White women have a higher incidence of ovarian 
cancer than blacks and Asians. Several risk factors for developing ovarian cancer 
have been identified. These include advanced age, nulliparity, high 
socioeconomic status, personal history of ovarian cancer and family history of 
ovarian, breast or colorectal carcinoma. Several iatrogenic risk factors have also 
been pinpointed such as increased use of birth control pills, gynecologic surgery 
(including tubal ligation) are associated with a decreased risk, while fertility drugs 
(Clomid) and hormone replacement therapy have been associated with an 
increased risk. Interestingly, environment is implicated as a risk factor as 
migration studies have shown ovarian cancer rates are similar to the place of 
immigration rather than emigration [3]. 


There has been increasing interest in family cancer syndromes, such as BRCA1 
and BRCA2 mutations; 40% and 18%, respectively, of these women will develop 
ovarian cancer by age 70 without intervention, i.e. risk-reducing salpingo- 
oophorectomy (RRSO) [4]. It is important to note that RRSO is not a complete 
reduction of cancer risk and the risk of primary peritoneal serous carcinoma is 
significant at a rate of 0.2-0.35% per year after salpingo-oophorectomy, with 
BRCAI mutations showing a slightly higher risk [5]. At least 10% of ovarian 
cancers are due to genetic predisposition and of these, 90% are due to BRCA 
germline mutations [6]. Recently, hereditary ovarian cancer was classified as site- 
specific ovarian cancer, hereditary breast/ovarian cancer (BRCAI and BRCA2), 
and hereditary non-polyposis colorectal cancer (HNPCC, Lynch syndrome II). 
Site-specific ovarian cancer, considered “‘ovarian-specific” variant of hereditary 
breast/ovarian cancer, refers to families with two or more first- or first- and 
second-degree relatives with ovarian cancer and a life time risk three times higher 
than the general population. HNPCC is an autosomal dominant syndrome with 
increased risk of colon and endometrial cancer, and less commonly, accounts for 
2% of ovarian cancers [6, 7]. Compared to sporadic ovarian cancer, familial 
ovarian cancer occurs at a younger age, is of higher grade and stage yet the 
prognosis is better for BRCA associated familial cases of ovarian cancer [8]. 


Established prognostic factors for ovarian cancer patients are FIGO (Federation of 
International Gynecologic Oncology) stage and volume of residual disease after 
surgical staging with or without debulking in stage IIIC and IV patients [9]. Age 
is also a prognostic factor however, is likely not independent [10]. Although cell 
type, histopathologic grade, and tumor rupture are important factors for prognosis, 
they remain embedded in controversy [11]. 


Of note, ovarian carcinomas are only a subset of ovarian tumors. In fact, of 
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primary ovarian tumors, 25% are malignant. Ovarian tumors are quite 
heterogeneous, reflecting the range of types of cells present in the ovary, such as 
epithelial surface cells, mesenchymal stromal cells with steroid producing cells, 
and germs cells. Ovarian tumors are broadly classified into three main groups 
based on cell of origin and morphology, as illustrated in Table 1 below: 
(i) epithelial, (ii) sex-cord stromal, and (iii) germ cell. Epithelial neoplasms are 
the most common of the groups, comprising 50% of ovarian tumors and up to 
90% of ovarian malignancies [12]. As the largest of the groups, and in pathologic 
terms, ovarian carcinoma of epithelial origin is the most often diagnosis referred 
to in the colloquial diagnosis of “ovarian cancer.” 


Additionally, even though carcinomas are usually clinically regarded as a single 
group, each distinct subtype has a unique pathogenesis, behavior, and prognosis. 
The histopathologic classification is crucial as ovarian neoplasms often have a 
similar vague clinical presentation; such as abdominal pain or distension, 
occurring in women in their 40s-50s with solid and cystic masses on imaging 
studies. Accurate pathologic classification is essential as newer adjuvant therapies 
increasingly target specific tumor subtypes. Also, determining the carcinoma 
subtype may direct genetic testing, for example, BRCA testing in high grade 
serous carcinoma or Lynch testing in endometrioid or clear cell carcinomas. 


The most common subtypes of ovarian carcinoma include: high grade serous 
carcinoma, low grade serous carcinoma, mucinous carcinoma, endometrioid 
carcinoma, and clear cell carcinoma. As a side note, each of the epithelial 
carcinomas has borderline counterparts with intermediate clinical and histological 
features between benign cystadenomas and carcinomas. This category was first 
introduced in the early 1970s to describe a subset of ovarian epithelial tumors 
without invasion yet occasionally exhibiting malignant features [12]. Other 
terminology for borderline tumors includes atypical proliferative tumors and 
ovarian tumors of low malignant potential. It used to be widely accepted that 
benign, borderline, and malignant ovarian tumors are progressions of malignant 
transformation; however, newer studies have proved that this not often the case 
for some serous carcinomas. Furthermore, serous carcinomas are also subdivided 
into high grade and low-grade carcinomas, which are thought to develop 
separately. 


Table 1 shows that there are many subtypes of ovarian cancers. The majority of 
ovarian “cancers” are the high-grade serous carcinomas. These tumors have 
distinct histologic features which distinguish them from the other ovarian 
carcinomas, as will be discussed subsequently. 
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Table 1. Main categories of primary ovarian malignancy. 


Epithelial Tumors Sex-Cord Stromal Tumors Germ Cell Tumors 


Serous carcinoma, high grade Granulosa cell tumors Malignant transformation in Mature teratoma 
Serous carcinoma, low grade Others (‘dermoid’) 


Mucinous carcinomas Yolk sack tumor 
Endometrioid carcinomas Dysgerminoma 
Clear cell carcinomas Others 
Others 


Tumor Subtypes: Low-grade Serous (Type I), High-grade Serous (Type ID 


Serous carcinoma is separated into two categories: type I (low grade serous 
carcinoma) and type II (high grade serous carcinoma). These carcinomas arise 
from different and independent molecular events. Low grade serous carcinomas 
often have KRAS and BRAF mutations and occur in younger patients, associated 
with slow-growing borderline tumors which appear to arise from cystadenomas. 
In contrast, high grade serous carcinomas have p53 mutations with a high rate of 
genetic instability and rapid tumor growth which is often detected and diagnosed 
in late stages. This high rate of genetic instability found in most ovarian 
carcinomas, Type II, proves to be extraordinarily difficult when targeting 
molecular defects for screening and therapy purposes. Additionally, due to a low 
proliferative index, low grade serous carcinomas are often more chemoresistant 
than high grade serous carcinomas. 


Histogenesis: Ovarian Surface Epithelium versus Fallopian Tube (STIC) 


There are different models hypothesizing the origin of high grade serous 
carcinomas. Historically, it was widely accepted that serous carcinomas originate 
from the ovary, shedding from the ovarian surface and spreading into the 
peritoneal cavity. According to the classic model of ovarian carcinoma, tumor 
cells arise from ovarian surface mesothelium undergoing tubal-type metaplastic 
change and malignant transformation, presumably after repeated ovulation 
induced trauma. A significant portion of ovarian tumors, specifically type 1, do 
appear to arise from cortical inclusion cysts thus suggesting a gradual progression 
from precursor to cancer. However, with increased awareness of BRCA mutations 
and prophylactic salpingo-oopherectomies, the classic model of the origin of high 
grade serous carcinoma has evolved. As more cases of early, small, non-invasive 
serous carcinomas (serous tubal intraepithelial carcinoma or STIC, pictured in 
Fig. (1)) have been identified, particularly involving the fimbriated end of 
fallopian tubes in prophylactic cases, a newer hypothesis of tubal origin of high 
grade serous carcinoma has been supported. Prophylactic specimens from women 
with BRCA mutations have shown tubal epithelium atypia, carcinoma in situ, and 
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high-grade serous tubal carcinoma [13]. Molecular studies have provided 
additional support for tubal origin of some high-grade serous carcinomas. These 
studies not only demonstrated that STIC lesions also harbor p53 mutations, a 
recent study found STIC and concurrent ovarian high-grade serous carcinoma 
share identical p53 mutations [14]. Further evidence in support of tubal origin in 
serous carcinogenesis, several studies have shown an association with chronic 
salpingitis and ovarian and tubal serous carcinoma suggesting that inflammatory 
changes are possibly involved in carcinogenesis and may lead to fimbrial 
epithelium deposition in the ovarian surface and cortex [15 - 18]. According to 
data from the World Health Organization (WHO) in 2015, it has been reported 
that up to 60% of extrauterine high grade serous carcinomas have concurrent 
STIC. Of note, while ovarian and fallopian tube serous carcinomas are staged and 
treated similarly, there is no clinical standard regarding management of STIC. 


Fig. (1). STIC (400x) Tubal epithelium showing expansion, loss of polarity, tufting, and mitoses. 
Cytologically, increased nuclear-to-cytoplasmic ratios, nuclear pleomorphism, hyperchomasia, and 
conspicuous nucleoli. 


As aforementioned, many studies have shown that a significant portion of pelvic 
serous carcinomas arise in the fimbria as STIC, as well as a high percentage of 
early carcinomas found in BRCA positive women arise in the fimbria. The 
diagnosis of STIC, in addition to atypical and malignant tubal epithelium, requires 
p53 mutations, confirmed by strong and diffuse p53 immunohistochemistry 
(IHC), and a proliferative index greater than 10%. To increase the likelihood of 
detecting early tubal cancer, the Sectioning and Extensively Examining the 
Fimbriated end (SEE-FIM) protocol was developed to expose maximum surface 
area of the fimbria [19]. With the advent of the SEE-FIM protocol facilitating 
meticulous histopathologic and immunohistochemical evaluation of the tube, 
more and more studies continue to elucidate the serous carcinogenesis model. A 
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putative, latent precursor to pelvic serous carcinoma, the p53 signature, has been 
described and shares the following with serous carcinoma: fimbrial location, cell 
of origin (secretory cell), DNA damage, and p53 mutations; however, the mucosa 
is otherwise benign [14]. Subsequently described is an intermediary between p53 
signatures and STIC, termed serous tubal intraepithelial lesion (STIL), which in 
addition to DNA damage and p53 mutation, has epithelial expansion and 
proliferation. p53 signature and STIL are not established diagnoses and their 
clinical relevance is unknown thus only applicable in the research setting. A 
recent study sheds additional light on the fimbria’s role in carcinogenesis by 
describing the tubal peritoneal junction (TPJ), where peritoneum and fimbrial 
epithelium meet. As junctions between different epithelia and transitional 
metaplasias, also found at the TPJ, are known for malignant potential, this 
phenomenon suggests the TPJ of the fimbria is indeed the site of serous 
carcinogenesis [12]. 


Another hypothesis relating to the origin of high grade serous carcinoma is that 
there is a field effect where native or metaplastic tubal-type epithelium are under 
the same influences, leading to multifocal lesions, rather than there being a direct 
precursor from either the ovary or the fallopian tube. Either way, the site of origin 
of the tumor is often difficult to discern due to massive, bulky disease and 
currently there is little clinical relevance. 


The second most common ovarian cancer is endometrioid carcinoma comprising 
up to 25% of primary cancers [20]. These Type I lesions are the subset of ovarian 
cancers arising from cysts and show mutations in K-ras, pTEN, and CTNNB1 (B- 
catenin encoding gene) [3]. Due to the slow growth of these tumors from benign 
cysts that grow quite large before transforming to cancer, most patients are 
diagnosed with a large pelvic mass on pelvic examination facilitating treatment at 
an earlier and more curable stage, also reflecting the associated favorable 
prognosis. There is associated endometriosis in up to 15% of endometrioid 
carcinomas with many tumors seen directly arising from endometriotic cysts; 
occasionally the full morphologic spectrum of endometriosis with hyperplasia to 
atypical hyperplasia to carcinoma is appreciable [21]. Less common than 
endometrioid carcinoma, clear cell carcinoma has the highest association of all 
with endometriosis and with atypical changes in the vicinity. Endometriosis can 
be found in up to 10% of reproductive-age women, however malignant 
transformation is low, 0.3% develop cancer [22]. The mean age of endometrioid 
cancer associated with endometriosis is younger, 50 years, than unassociated 
endometrioid cancer, 55-58 years [23]. Since Type I slow growing tumors arise in 
endometriosis, the likelihood of identifying the precursor lesion is greater thus 
endometriosis is the best documented and most readily appreciated precursor of 
ovarian cancer. The proposed origin of type I tumors is retrograde menstruation 
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leading to endometriosis of the ovary followed by atypical proliferative tumors 
which may develop into endometrioid or clear cell carcinomas. Endometriosis of 
the ovary is significantly more likely to give rise to cancer than extraovarian 
endometriosis [24]. Additional support for the premalignant potential of 
endometriosis is shown by molecular alterations, such as loss of heterozygosity in 
the PTEN gene and microsatellite instability, indicating neoplastic changes [25]. 


SEROUS TUMORS 


Serous Cystadenoma 


(Adenofibroma, cystadenofibroma, surface papillomas): Cyst lined by fallopian- 
tube type cells. Comprise two-thirds of benign OSE tumors, however most are 
cystically dilated inclusions and recently shown to be polyclonal and thus not 
neoplastic [26, 27]. 


Clinical: Age 40-60. Asymptomatic, or nonspecific pelvic pain/discomfort, 12- 
23% bilateral [3]. 


Gross findings: At least 1 cm and up to 30 cm, with average size of 5-8 cm. Thin 
walled cysts filled with serous (watery) or seromucinous (slightly viscous) fluid. 
Variable papillary excrescences on the surface and lining. Adenofibromas present 
as rubbery nodules. 


Fig. (2). Serous cystadenofibroma (40x) Thick fibrous papillae lined by a single layer of Mullerian 
epithelium project into the cyst lumen. 
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Histology (Figs. 2, 3): Psuedostratified columnar cells (secretory and ciliated 
cells). Also, may be a single layer of flat to cuboidal cells. Usually lack 
proliferation, atypia, and mitoses, however these findings must compromise less 
than 10% of tumor when present. Psammoma bodies are present in 15% of cases 


[3]. 


Fig. (3). Serous cystadenofibroma (400x) Thick fibrous papilla lined by a single layer of monomorphic 
Mullerian epithelium. 


Prognosis: Benign, may recur. 


Atypical Proliferative Serous Tumor (APST) or Serous Borderline Tumor 
(SBT) 


Most common borderline variant (50%) [28]. Intermediary of cystadenomas and 
serous carcinoma displaying fallopian-tube type cells with proliferation and 
atypia. Peritoneal lesions associated with borderline tumors are classified as 
implants (noninvasive epithelial or desmoplastic-type) or metastatic low-grade 
serous carcinoma (invasive or noninvasive with micropapillae). 


Clinical: Average age is 42. Approximately 55% are bilateral and 56% of 
bilateral tumors show extraovarian involvement [29]. Associated with infertility. 
BRCA mutations less likely. 
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Gross findings: Average size is 5 cm (8 cm for noninvasive MPSC) [30]. The 
mass is cystic with abundant delicate and friable papillary excrescences of the 
lining. Up to 70% showing involvement of the surface of the ovary, also more 
likely to be seen with peritoneal implants [29]. To exclude invasion, extensive 
sampling is required and recently 2 sections per cm are recommended rather than 
1 section [3]. 


Histology (Figs. 4-9): At least 10% of the tumor must show extensive epithelial 
stratification, tufting or budding, and detached cells or clusters, otherwise these 
lesions exhibit a wide spectrum of morphology. The lower, or benign, end of the 
spectrum shows cuboidal to columnar cells with a complex hierarchical branching 
pattern (where papillae become smaller as they separate from the main mass). 
Behaving like low-grade serous carcinoma at the upper end of the spectrum is 
noninvasive micropapillary serous carcinoma (MPSC), pictured in Figs. (10-20), 
showing long, delicate micropapillae with minimal fibrovascular stroma radiating 
directly from a thick, centrally located fibrovascular core; these features must be 
present in at least 5 mm of confluence or 10% of the tumor to qualify as this 
entity. Noninvasive MPSC is often referred to as “medusa head” in appearance. 
There is a strong association of noninvasive MPSC with metastatic low-grade 
serous carcinoma (invasive implants) [31]. Several proposed theories for this 
phenomenon include sampling error (missed occult invasion), the complex 
micropapillary growth is a form of invasion or a “carcinoma in situ” which 
exfoliates malignant cells onto peritoneal surfaces that seed and grow [31]. 
Further supporting noninvasive MPSC’s malignant potential is the increased 
association with lymph node metastasis [32]. 


Fig. (4). APST (SBT) (20x) Characteristically seen is this complex hierarchical branching pattern where 
successive branching gives rise to smaller and smaller papillae. 
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Fig. (5). APST (SBT) (100x) Characteristically seen is this complex hierarchical branching pattern where 


successive branching gives rise to smaller and smaller papillae and eventually detached cell clusters. Fusion 
of papillae imparts the appearance of Roman bridges and cribriforming. 
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Fig. (6). APST (SBT) (100x) Characteristically seen is this complex hierarchical branching pattern where 
successive branching gives rise to smaller papillae and eventually detached cell clusters. Fusion of papillae 
imparts the appearance of Roman bridges and cribriforming. 
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Fig. (7). APST (SBT) (200x) Small papillae and cell clusters detached from a larger papilla. Epithelium 
shows budding and tufting. 


Fig. (8). APST (SBT) (400x) Mostly pseudostratified columnar, including some cuboidal, cells with mild to 
moderate nuclear atypia and small prominent nucleoli. 
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Fig. (9). APST (SBT) (400x) Fusion of papillae seen here as Roman bridging and cribriforming. Cytologic 
atypia is mild to moderate and small prominent nucleoli. 


Fig. (10). Noninvasive micropapillary serous carcinoma (20x) Large, fibrotic papillae abruptly give rise to 
numerous long and thin micropapillae, the so-called Medusa head appearance. 


58 Ovarian Cancer — Challenges and Innovations Beyda and Everest 


ae 
Fig. (12). Noninvasive micropapillary serous carcinoma (20x) Large, fibrotic papillae abruptly give rise to 
numerous long and thin micropapillae, the so-called Medusa head appearance. 


Pathology of Ovarian Cancer Ovarian Cancer — Challenges and Innovations 59 


numerous long and thin micropapillae, the so-called Medusa head appearance. 
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Fig. (14). Noninvasive micropapillary serous carcinoma (40x) Large, fibrotic papillae abruptly give rise to 
numerous long and thin micropapillae, the so-called Medusa head appearance. 
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Fig. (15). Noninvasive micropapillary serous carcinoma (40x) Large, fibrotic papillae abruptly give rise to 
numerous long and thin micropapillae, the so-called Medusa head appearance. 


Fig. (16). Noninvasive micropapillary serous carcinoma (100x) Large, fibrotic papillae abruptly give rise 
to numerous long and thin micropapillae, the so-called Medusa head appearance. The delicate micropapillae 
lack significant fibrovascular cores. 
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Fig. (17). Noninvasive micropapillary serous carcinoma (100x) Large, fibrotic papillae abruptly give rise 
to numerous long and thin micropapillae, the so-called Medusa head appearance. The delicate micropapillae 
lack significant fibrovascular cores. 


to numerous long and thin micropapillae, the so-called Medusa head appearance. The delicate micropapillae 
lack significant fibrovascular cores. 
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Fig. (19). Noninvasive micropapillary serous carcinoma (200x) Large, fibrotic papillae abruptly give rise 
to numerous long and thin micropapillae, the so-called Medusa head appearance. The delicate micropapillae 
lack significant fibrovascular cores and the epithelial lining shows hobnail cells. 
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Fig. (20). Noninvasive micropapillary serous carcinoma (400x) The delicate papillae lack significant 
fibrovascular cores and show cuboidal cells with mild to moderate cytologic atypia, small prominent nucleoli, 
and a low mitotic rate. 
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Microinvasion is defined as <5 mm area of cells infiltrating the ovarian stroma. 
Stromal invaginations of the papillae on tangential sections are frequent and 
require distinction from invasion. Roman bridges or cribriforming may be seen 
when papillae fuse. Cells show epithelial, including ciliated cells like the fallopian 
tube, or mesothelial differentiation. Hobnail cells may be seen, where cell nuclei 
protrude from papillae into surrounding spaces. Cytologic atypia is mild, nuclei 
are ovoid or rounded with fine chromatin and inconspicuous nucleoli, and polarity 
is maintained. Mitoses are uncommon and are typically below four per ten high- 
power fields [33]. Psammoma bodies are common. Autoimplants, microscopically 
identical to noninvasive desmoplastic implants, may be present on the ovarian 
surface and in one third of cases show infarcted papillae [34]. 


Molecular: KRAS, BRAF, ERBB2 mutations (HER2/neu, only present with 
absent KRAS or BRAF mutations) [35]. 


Prognosis: Stage dependent. If confined to ovary (Stage I), no different than 
general population (100% survival), but may recur 20 years later [36]. Advanced 
stage noninvasive MPSC has a 5- and 10-year survival rate of 75-85% and 40- 
60%, respectively [37]. Microinvasion does not change the prognosis. Non- 
invasive implants have a high chance of recurrence. Most important factor is 
extra-ovarian invasive implants (low-grade serous carcinoma), shown to have a 
recurrence rate of 65% and a survival rate like low-grade serous carcinoma [38]. 


Low-grade Serous Carcinoma (Psammocarcinoma, MPSC) 


Uncommon, 4% of ovarian carcinomas. Invasive lesion with low-grade cytologic 
atypia. 


Clinical: Average age of 45 years, and 54 years for psammocarcinoma 
(psammomatous variant) [39]. Usually asymptomatic but advanced stage presents 
as abdominal pain, fullness, or distention; 80-90% are bilateral and 94% are 
advanced stage [37, 40]. 


Gross: Average size is 11 cm, 54% with ovarian surface lesions [37]. Cystic and 
papillary growth with a variable amount of friable tissue. Psammocarcinoma is 
associated with uterine serosal adhesions and invasion [39]. 


Histology (Figs. 21-24): LGSC displays many architectural patterns, often 
complex papillary growth, with stromal invasion. The invasion is seen as 
disorganized infiltration by single cells, solid nests, micropapillae, and less 
commonly macropapillae; usually a clear space, or cleft, encompasses the 
invasive components [37]. The cause of these clefts is unknown, however recently 
some have been identified as lymphatic spaces. One third of MPSCs have 
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intratumoral lymphatic invasion [41]. Aside from the invasion, noninvasive and 
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Fig. (21). Low grade serous carcinoma (100x) Confluent glandular and cribriform patterns on the left and 
micropapillary pattern on the right. 
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Fig. (22). Low grade serous carcinoma (100x) Confluent micropapillary pattern of growth seen as seemingly 
freely floating micropapillae and associated psammoma bodies. 
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Fig. (23). Low grade serous carcinoma (200x) Cribriform pattern with psammoma bodies showing mild to 
moderate cytologic atypia. 
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Fig. (24). Low grade serous carcinoma (400x) Micropapillary pattern showing moderate cytologic atypia. 
Chromatin pattern ranges from hyperchromatic to vesicular with clumpy chromatin, occasional small 
prominent nucleoli, and rare mitosis. 
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invasive MPSC are morphologically identical. When metastases (invasive 
implants) were identified, thorough histologic examination revealed invasion of 
the primary ovarian tumor [42]. Many cases have an associated serous borderline 
tumor component whereas high-grade serous carcinoma rarely does [37], again 
underscoring the different pathogenesis of low-grade and high-grade serous 
carcinomas. The cells are rounded with minimal cytoplasm, mild to moderate 
nuclear atypia with a small nucleolus, and limited nuclear pleomorphism [43]. 
If severe nuclear atypia is present without invasion, the diagnosis should be high- 
grade serous carcinoma. Frequent psammoma bodies are seen. More than 75% of 
psammocarcinoma papillae are replaced by psammoma bodies [39]. Necrosis is 
very rare and there is low mitotic activity (<3 per high power field) [37]. 


Immunohistochemistry: p53 is focal. WT1, ER/PR (50%), EMA, and CK7 are 
positive [3]. Ki-67 proliferation index is low. 


Molecular: KRAS, BRAF, ERBB2 mutations (HER2/neu, only present with 
absent KRAS or BRAF mutations). Loss of 1p36 and CDKN2A/B [44]. 


Prognosis: Rarely Stage I (confined to the ovaries) which has an excellent 
prognosis and advanced stage can have mortality of 50%. Advanced stage low- 
grade serous carcinoma portends a better prognosis and smaller volume disease 
than stage matched high-grade serous carcinoma [36]; rarely transforms to high- 
grade serous carcinoma [45]. Progression free survival is 2 years and the median 
survival is 6-7 years [46]. Five-year survival rate is 75% for FIGO stage III [3]. 
Generally, these are slow growing tumors resistant to chemotherapy (platinum- 
taxane), however primary and secondary cytoreduction are efficacious [46, 47]. 


High-grade Serous Carcinoma (HGSC) 


Most common and lethal ovarian carcinoma. Severe cytologic atypia is 
pathognomonic. 


Clinical: Average age is 57 to 63 years [3]. The non-specific symptoms 
(abdominal pain, fullness, or distention) lead to a delayed diagnosis and 
presentation at advanced stage with extensive abdominopelvic disease either by 
direct extension or metastasis. Abdominal pain and distention are the most 
common presenting symptoms due to ascites or bulky tumor. Gastrointestinal and 
genitourinary symptoms, such as dysuria, urinary frequency, and vaginal 
bleeding, are also common. Asymptomatic, stage I presentation is exceedingly 
rare. Three fourths of women with a history of breast cancer presenting with 
peritoneal carcinomatosis have a primary ovarian or peritoneal serous carcinoma 
[48]. 


Pathology of Ovarian Cancer Ovarian Cancer — Challenges and Innovations 67 


Gross: Range from microscopic to 20 cm multilocular, complex (solid and cystic) 
masses with delicate, friable papillary excrescences filling the cysts, and 
sometimes are entirely solid. Two thirds are bilateral [3]. External surface is 
smooth and may show papillary projections. Hemorrhage and necrosis are 
common. Omental cakes form by fusion of firm metastatic nodules. Microscopic 
tumor is detected in 22% of grossly normal omentectomy specimens [3]. 


Histology (Figs. 25-37): Complex papillary, glandular, cribriform, or solid growth 
of severely cytologically atypical cells, the hallmark of high-grade serous 
carcinoma. Extensive bridging and fusing of papillae causes characteristic slit-like 
spaces. A villoglandular papillary pattern resembling endometrioid carcinoma 
may also be seen, however the high-grade cytology will exclude this entity. Foci 
of small, uniform cells does not exclude high-grade serous carcinoma, nor does 
cytoplasmic clearing akin to clear cell carcinoma (as diagnostic features for this 
lesion are absent). Cytologically, nuclei are large, bizarre, and pleomorphic with 
irregular chromatin distribution, often vesicular, with large, eosinophilic nucleoli. 
Large, angulated, and hyperchromatic nuclei with a smudgy quality, referred to as 
“smudge cells,” are commonly seen. Multinucleated tumor giant cells or 
syncytial-like aggregates are common as well, especially in the solid growth 
pattern. Mitotic activity is brisk exceeding 12 mitotic figures per 10 HPF and 
includes atypical mitoses. Necrosis is common. Psammoma bodies are seen in 
25% of these carcinomas [3]. 
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Fig. (25). HGSC (100x) Solid and glandular growth pattern with characteristic slit-like spaces, irregular 
luminal contours, necrosis, and severe cytologic atypia (center right). 
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Fig. (27). HGSC 100x A papillae in the center flanked by solid growth wi 
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Fig. (30). HGSC (200x) Solid and glandular growth pattern with characteristic slit-like spaces, irregular 
luminal contours, necrosis, and severe cytologic atypia. 
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Fig. (31). HGSC (200x) Solid and glandular growth pattern with characteristic slit-like spaces, high grade 
cytology, and brisk mitoses. 
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Fig. (32). HGSC 400x High grade cytology seen as prominent nuclear pleomorphism with large bizarre 
nuclei (top) and multinucleated tumor giant cells (bottom). 
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Fig. (33). HGSC (400x) Severe cytologic atypia seen as marked nuclear pleomorphism, giant and bizarre 
nuclei, and prominent macronucleoli. 
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Fig. (34). HGSC (400x) Characteristic slit-like spaces with severe atypia seen as prominent nuclear 
pleomorphism, irregular and clumpy chromatin, and macronucleoli. Also present are multinucleated tumor 
cells and atypical mitoses. 


pleomorphism, irregular and clumpy chromatin, and macronucleoli. Also present are multinucleated tumor 
cells and atypical mitoses. 
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Fig. (36). HGSC (400x) Status-post neoadjuvant chemotherapy effect seen as nuclear and cytoplasmic 
vacuolation and a psammoma body (lamellated). Severe cytologic atypia and tumor giant cells. 
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Fig. (37). HGSC (600x) Status-post neoadjuvant chemotherapy effect seen as nuclear and cytoplasmic 
vacuolation and psammoma body (lamellated). Severe cytologic atypia and tumor giant cells. 
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Many specimens are _ histopathologically evaluated after neoadjuvant 
chemotherapy as interval debulking and show extensive psammoma bodies, 
fibrosis, and foreign body giant cells admixed with microscopic residual 
carcinoma. These residual tumor cells display abundant clear, vacuolated, or 
eosinophilic cytoplasm and large macronucleoli (Fig. 37). Other associated 
findings include lymphocytes, foamy macrophages, hemosiderin, and cholesterol 
clefts. Omental cakes are often reduced in size and show fat necrosis and fibrosis 
[49]. 


Immunohistochemistry: Positivity is seen with p53 (hallmark - strong diffuse 
nuclear staining or complete absence, null-type), p16 (strong diffuse nuclear), 
WT1 (90%), BRCAI, EMA, CAM5.2, CK7, BER-EP4 (95%), ER (88-95%), 
vimentin (45%), and CD99. Negative stains include PR, CK20 (majority), inhibin, 
p63, h-caldesmon, thrombomodulin, CA19-9, CD 15, and D2-40 [3]. 


Molecular: p53 mutations (~80%) [49], BRCA1/2, PTEN, PIK3CA [50], and 
high chromosomal instability. 


Prognosis: Stage dependent with patients that have macroscopic disease 
completely resected having a better prognosis. Again, stage I is very rare and has 
a 5-year survival rate greater than 90%. Most are advanced stage (i.e. stage III and 
IV) with poor overall survival. The five-year survival rate is 35% for FIGO stage 
II [3]. As these tumors are very sensitive to platinum based chemotherapy, 
neoadjuvant chemotherapy is followed by interval debulking. Optimal debulking 
(less than 1 cm residual disease) increases the 5-year survival rate to 50%, and 
infrequently there are 10-year survivors [3]. Serum CA125 levels are followed to 
detect recurrence. 


MUCINOUS TUMORS 


Mucinous cystadenoma, borderline tumor, and carcinoma comprise the spectrum 
of events in the ovarian mucinous carcinogenesis sequence. Most importantly, 
distinguishing primary ovarian mucinous cancer from a metastatic mucinous 
cancer is a significant diagnostic challenge, and a critical distinction. Often a 
metastatic ovarian mucinous lesion is the initial presentation for an extraovarian 
primary, further complicating the dilemma. Also, ancillary diagnostic techniques 
such as immunohistochemistry are not helpful for this distinction. The most 
common mucinous tumors of the ovary with extraovarian primaries are from the 
gastrointestinal tract or of appendiceal origin, the latter often presenting as 
pseudomyxoma peritonei (PMP). In the early 2000s diagnostic criteria for ovarian 
mucinous neoplasms was refined to distinguish primary from metastatic. Prior to 
this many metastases were likely misclassified as primary ovarian mucinous 
neoplasms thus interpretation of older data is dubious. The refined diagnostic 
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criteria demonstrated that primary ovarian mucinous carcinomas are far less 
common than previously believed [51]. 


Mucinous Cystadenoma 


13% of benign ovarian epithelial neoplasms. Intestinal (80%) and endocervical 


types [3]. 
Clinical: Average age is 50 years. 


Gross findings: Overwhelmingly unilateral masses that can reach more than 30 
cm, with an average size of 10 cm. More often multilocular than unilocular cysts 
with thick, sticky contents. Capsule is thick, white, and with a smooth exterior. 


Fig. (38). Mucinous Cystadenoma (100x) Glands lined by a single layer of non-stratified intestinal-type 
epithelium. 


Histology (Figs. 38, 39): Cysts and glands lined by a single layer of mucin 
producing columnar cells that resemble gastric foveolar-type, intestinal-type with 
goblet cells, or endocervical-type epithelium. Some crypts may show reactive 
nuclei and mitoses with focal mild or no atypia. Often, epithelium is undulating in 
appearance but generally lacks proliferation and budding. However up to 10% of 
the tumor may show proliferation or atypia rendering the diagnosis mucinous 
cystadenoma with focal proliferation or atypia [52]. Spiculated calcifications are 
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common, as are muciphages, pseudoxanthoma cells, and luteinized stromal cells. 
Less common are multinucleated giant cells and pseudomyxoma ovarii, acellular 
mucin in the stroma [53]. Up to 18% of cases may be associated with a Brenner 
tumor, or transitional cell nests [53]. The endocervical-type mucinous, also 
referred to as miillerian-type or seromucinous, cystadenoma, show papillary 
structures with endocervical-like epithelium. 


epithelium with goblet cells. 


Prognosis: Benign. Recurrence is associated with incomplete excision and not 
tumor rupture. 


Atypical Proliferative Mucinous Tumor (APMT) or Mucinous Borderline 
Tumor 


Gastrointestinal- or endocervical-type (much less common). Mucinous type cells 
with proliferation and atypia intermediary to cystadenoma and carcinoma. 


Clinical: Average age is 40-49 years 


Gross findings: Gastrointestinal-type: Average size of 20-22 cm, usually 
unilateral (95%), multiloculated mass with minimal solid areas and smooth 
capsule [54, 55]. Cyst lining is smooth and filled with gelatinous contents. 
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Endocervical-type: Smaller size and often bilateral. 


Histology (Figs. 40-46): Cysts with stratified gastrointestinal-type (most 
common) mucinous lining with increased proliferation showing tufting and 
villoglandular or papillary growth without stromal invasion. Nuclear atypia is 
mild to moderate. These features must be present in more than 10% of the tumor 
to qualify as APMT otherwise the diagnosis is mucinous cystadenoma. 
Microinvasion is defined by 5 mm of stromal invasion. APMT with 
microinvasion shows stromal invasion either by small foci of mucinous single 
cells, glands, or nests, or small foci of confluent or cribriform glandular growth; 
foci measure 2 to 5 mm [56]. The designation APMT with intraepithelial 
carcinoma should be given to those APMTs with marked nuclear atypia. 


Fig. (40). Atypical Proliferative Mucinous Tumor or Mucinous Borderline Tumor (20x) Multiloculated 
cyst with some cysts showing epithelial proliferation while others do not. 


Endocervical-type is associated with endometriosis and morphologically 
resembles APST. The epithelium is a combination of endocervical-type mucinous 
cells and serous-type cells that are ciliated, as well as other cell types may be seen 
(endometrioid, squamous, eosinophilic), with stromal acute inflammation; these 
features have also designated this type seromucinous-type APMT [57]. 


Immunohistochemistry: CK7, ER, and PR positive. CK 20 negative [58]. 


Prognosis: Virtually all are stage I tumors with excellent prognosis, 100% 
survival, and only rarely advancing to carcinoma. 
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Fig. (41). Atypical Proliferative Mucinous Tumor or Mucinous Borderline Tumor (40x) Multiloculated 
cyst with some cysts showing epithelial proliferation while others do not. 


Fig. (42). Atypical Proliferative Mucinous Tumor or Mucinous Borderline Tumor (40x) Abundant 
epithelial proliferation with stratification, tufting, and foci of detached cells and clusters. 
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Fig. (44). Atypical Proliferative Mucinous Tumor or Mucinous Borderline Tumor (100x) Epithelial 
proliferation with stratification, tufting, and foci of detached cells and clusters. 
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Fig. (45). Atypical Proliferative Mucinous Tumor or Mucinous Borderline Tumor (200x) Epithelial 


proliferation with stratification, tufting, and foci of detached cells and clusters. The mucinous epithelium is 
gastrointestinal-type with mild cytologic atypia and inconspicuous nucleoli. 


Fig. (46). Atypical Proliferative Mucinous Tumor or Mucinous Borderline Tumor (400x) The 
gastrointestinal-type mucinous epithelium shows goblet cells and mild cytologic atypia. 
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Mucinous Carcinoma 


Rare, 2-3% of ovarian carcinomas [59]. Malignant mucinous cells invading 
ovarian stroma. Features favoring a metastatic mucinous carcinoma are bilateral 
involvement, size less than 13 cm, tumor on the ovarian surface, nodular growth, 
and a destructive pattern of stromal invasion [54]. 


Clinical: Average age is 44. 


Gross: Average size is 18-22 cm. Large, unilateral, multicystic and mucinous 
mass with smooth white capsules [60]. Solid, necrotic, and hemorrhagic foci may 
be seen. 


Histology (Figs. 47-50): Well differentiated, complex glandular or papillary 
architecture with malignant mucinous epithelium showing invasion into stroma in 
either a destructive, infiltrative pattern or a confluent glandular or expansile 
pattern; often seen arising from an APMT. The expansile invasion is commonly 
seen in primary ovarian mucinous carcinomas and is associated with a better 
prognosis than destructive invasion [61]. An APMT with greater than 5 mm of 
confluent glandular growth qualifies for carcinoma. An associated teratoma and 
Brenner tumor may also be seen. Preferred nuclear grading is classified as low- or 
high-grade, and the latter is significantly more likely to be seen with the 
destructive pattern of invasion [62]. 
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Fig. (47). Mucinous Carcinoma (40x) Complex and confluent glandular growth pattern. 
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Fig. (48). Mucinous Carcinoma (100x) Complex and confluent glandular growth pattern. 
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Fig. (49). Mucinous Carcinoma (200x) Complex and confluent glandular growth pattern with moderate 
cytologic atypia, goblet cells, and mitoses. 
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cytologic atypia, goblet cells, and mitoses. 


Immunohistochemistry: CK7 is diffusely positive. CK20 shows variable 
positivity, however when it is positive, it is not as diffuse as CK7 [63]. CDX2 
may be positive and p16 is patchy positive. ER, PR, and CA125 are negative. If 
morphologically the tumor resembles lower gastrointestinal tumors and has 
pseudomyxoma ovarii, a CK7 negative and CK20 positive immunoprofile should 
raise concern for metastatic disease [64]. 


Molecular: KRAS mutations seen in at least 75% and the same KRAS mutations 
were found in adjacent mucinous cystadenomas, APMT, and carcinoma [65]. 
MUC2, MUC3, MUC17, CDX1, CDX2, and LGALS4 genes showed expression 
[66]. 


Prognosis: Very favorable, particularly if confined to the ovary. Stage 1 with 
expansile invasion has a 90% survival. Adverse prognosis is associated with 
destructive invasion [61]. Platinum-paclitaxel is effective. 


ENDOMETRIOID TUMORS 


Benign ovarian endometrioid neoplasms, cystadenofibromas and borderline 
tumors, are far less common than endometrioid carcinoma. As previously 
mentioned, endometrioid tumors are often seen arising from endometriosis, the 
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majority of which are monoclonal and harbor chromosomal alterations signifying 
a neoplastic process [67]. 


Endometrioid Cystadenofibroma 
Very rare, 1% of ovarian epithelial tumors [3]. 
Clinical: Average age is 57 years. 


Gross: Average size is 10 cm. The ovarian capsule is smooth. The mass is fibrous 
with cystic areas containing serous fluid, imparting a honey comb appearance. 


Histology (Fig. 51): Adenofibroma or cystadenofibroma architecture showing 
glands or cysts with cellular or fibrotic stroma. The epithelium resembles 
proliferative endometrium, that is tall columnar cells with elongated nuclei, or less 
often, will resemble atrophic or inactive endometrium with flat or cuboidal cells. 
Ciliated cells are common resembling tubal epithelium. Secretory and squamous 
changes may also be seen. Mitoses are rare. Frequently, associated endometriosis 
is seen [3]. 


eT 


Fig. (51). Endometrioid Adenofibroma (200x) Benign TES Jai ina a fibrotic stroma. 


Molecular: PTEN mutations and loss of heterozygosity on 10q23.3 [68]. 


Prognosis: Benign, rarely recur. 
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Atypical Proliferative Endometrioid Tumor (APET) 


Atypical Proliferative Endometrioid Tumor (APET) or Endometrioid 
Borderline Tumor: Also known as atypical endometrioid adenofibroma, 
proliferative endometrioid tumor, endometrioid tumor of low malignant potential. 
A spectrum of tumors ranging from glandular crowding with mild cytologic 
atypia to confluent glandular growth (5 mm) with cytologic atypia and even 
microinvasion (5 mm). 


Clinical: Average age 51 [69]. Very rare, only 0.2% of ovarian epithelial tumors, 
with 63% having associated endometriosis [69]. 


Gross: Average size is 9 cm. Usually a unilateral, cystic mass, a minority have 
solid foci, with bloody, brown or green fluid [69]. 
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Fig. (52). Atypical Proliferative Endometrioid Tumors (APET) or Endometrioid Borderline Tumor 
(100x) Endometrioid glands with squamous metaplasia in a fibrotic stroma. 


Histology (Figs. 52-54): The classic morphology is adenofibromatous and 
glandular-papillary architecture, with an associated adenofibroma in half of cases 
[69]. The stratified epithelium exhibits a range of complexity and crowding, with 
confluent growth 5 mm qualifying for microinvasion; confluent growth or 
invasion (destructive or confluent) above 5 mm warrants diagnosis of carcinoma. 
Cytologic atypia is mild to moderate. Severe atypia is considered intraepithelial 
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carcinoma, which is rare [70]. Additionally, epithelial tufting, bridging, 
cribriforming, and squamous metaplasia may be seen [69]. The stroma may be 
fibrotic or cellular, with increased cellularity surrounding the glands, i.e. 
periglandular cuffing [70]. Intraluminal or intracystic necrosis is common. 


Fig. (53). Atypical Proliferative Endometrioid Tumors (APET) or Endometrioid Borderline Tumor 
(200x) Endometrioid glands with mild cytologic atypia and squamous metaplasia in a fibrotic stroma. 


(400x) Endometrioid glands with mild cytologic atypia, squamous metaplasia, and occasional mitoses in a 
fibrotic stroma. 
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Immunohistochemistry: Positive markers include EMA, cytokeratins, and p16 
focally (50% of cases) [71]. 


Molecular: PTEN mutations and loss of heterozygosity on 10q23.3 [72]. 


Prognosis: Excellent; usually stage I, 5-year survival is 100%, including with 
microinvasion, however data regarding microinvasion and intraepithelial 
carcinoma is limited [69, 70]. 


Endometrioid Carcinoma 


The second most common type of ovarian epithelial malignancy is characterized 
by invasive, endometrioid —-type glands. An average of 15-20% and up to 42% of 
endometrioid carcinomas are associated with endometriosis [70]. Interestingly, 
14% of ovarian endometrioid carcinomas are associated with synchronous 
endometrial carcinoma, also presenting a diagnostic challenge for pathologists to 
accurately classify the ovarian tumor as a synchronous primary or metastatic from 
the uterus [3]. 


Clinical: Average age is 55-58 years, significantly lower than serous carcinoma 
[73]. Commonly, presentation is abdominal distention and pain, vaginal bleeding, 
and adnexal mass on examination. 


Fig. (55). Endometrioid Carcinoma, Well-Differentiated (20x) Confluent villoglandular growth pattern. 
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Gross: Average size is a 15-cm complex mass with smooth outer surfaces. The 
cysts contain friable tumor and bloody fluid. Less commonly, there is mucoid or 
greenish fluid or solid growth with hemorrhage and necrosis. Also, may be seen 
arising in an endometrioma with chocolate-like fluid and nodules or papillations 
of the lining. 


Histology (Figs. 55-66): The most common pattern of growth or invasion seen is 
the confluent or expansile pattern which must be greater than 5 mm [74]. 
Destructive infiltrative invasion is also seen as irregularly shaped glands, nests, 
solid sheets, or single cells surrounded by edema and inflammation [74]. More 
than half are associated with endometriosis, endometrioid adenofibroma, or 
APET, which also comprises a large portion of the tumor [60]. 


The most common histologic grade is well-differentiated endometrioid 
adenocarcinoma and is cribriform, confluent, or villoglandular growth lined by 
stratified tall, columnar epithelium with well-defined lumens. Foci of high-grade 
cytology are seen, and mitoses are frequent [36]. Occasionally, focal secretory- 
type epithelium is seen. Squamous differentiation occurs in up to 50% of cases 
[70]. 


Fig. (56). Endometrioid Carcinoma, Well-Differentiated (20x) Confluent glandular growth pattern and 
back-to-back glands. 
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Fig. (57). Endometrioid Carcinoma, Well-Differentiated (40x) Confluent villoglandular growth pattern. 
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Fig. (58). Endometrioid Carcinoma, Well-Differentiated (40x) Confluent glandular growth pattern, back- 


to-back glands, and intraluminal necrosis. 
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Fig. (59). Endometrioid Carcinoma, Well-Differentiated (100x) Confluent endometrioid villoglandular 
growth pattern. 


Fig. (60). Endometrioid Carcinoma, Well-Differentiated (100x) Endometrioid epithelium showing a 
confluent glandular growth pattern, back-to-back glands, and intraluminal necrosis. 
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Fig. (61). Endometrioid Carcinoma, Well-Differentiated (200x) Confluent endometrioid villoglandular 
growth pattern. The epithelium mirrors proliferative-type endometrium with pseudostratified columnar cells. 


Fig. (62). Endometrioid Carcinoma, Well-Differentiated (200x) Endometrioid epithelium showing a 
confluent glandular growth pattern, back-to-back glands, and intraluminal necrosis (top right). The epithelium 
mirrors proliferative-type endometrium with pseudostratified columnar cells. 
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Fig. (63). Endometrioid Carcinoma, Well-Differentiated (200x) Endometrioid epithelium showing a 
confluent glandular growth pattern and back-to-back glands. The epithelium mirrors proliferative-type 
endometrium with pseudostratified columnar cells and mitoses. 


Fig. (64). Endometrioid Carcinoma, Well-Differentiated (400x) Confluent endometrioid villoglandular 
growth pattern. The epithelium mirrors proliferative-type endometrium with pseudostratified and 
cytologically bland columnar cells and occasional mitoses. 
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Fig. (65). Endometrioid Carcinoma, Well-Differentiated (400x) Proliferative-type endometrioid 
epithelium with pseudostratified columnar cells, mild cytologic atypia, and mitoses. 


Fig. (66). Endometrioid Carcinoma, Well-Differentiated (400x) Proliferative-type endometrioid 
epithelium with pseudostratified columnar cells, mild cytologic atypia, and mitoses. 
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Moderately and poorly differentiated endometrioid carcinomas showing more 
solid growth, high-grade nuclei, and brisk mitoses may also be seen, however 
most of the poorly differentiated variety should be classified as high-grade serous 
[75]. Morphologically, ovarian endometrioid cancer should mirror endometrial 
endometrioid adenocarcinoma. Mixed serous-endometrioid carcinoma is a 
possibility, however these comprise 1.5% of ovarian carcinomas [3]. Importantly, 
a standardized grading system for ovarian endometrioid carcinoma has not been 
established, nor has the WHO 3-grade system or the binary system been validated 
for this entity [3]. Several rare variants of endometrioid carcinomas occur: 
secretory, ciliated, sertoliform, undifferentiated neuroendocrine, adenoid cystic- 
like, basaloid, and oxyphilic [3]. Post chemotherapy, endometrioid carcinomas 
show keratin granulomas secondary to necrosis of squamous metaplasia [3]. 


Immunohistochemistry: Positive markers include CK7, EMA, ER, PR, BRCA1, 
CD99, and p16 focally (50% of cases) [76]. WT1, inhibin, calretinin, and TTF1 
are usually negative [3]. 


Molecular: CTNNBI (well differentiated), prEN, PIK3CA (well differentiated), 
K-ras, BRAF, and p53 (poorly differentiated) mutations [77]. Microsatellite 
instability can be seen in up to 20% cases (MLH1 and MSH2 loss of staining) 
[78]. 


Prognosis: Stage dependent with up to 78% survival in stage I tumors; more than 
half are stage I or II on diagnosis [79]. Higher grade tumors with more solid 
growth have a worse prognosis. 


CLEAR CELL TUMORS 


Although ovarian clear cell neoplasms were once believed to be derived from the 
mesonephric duct, their association with endometriosis, endometrioid 
adenocarcinomas, and DES-exposed vaginal adenosis substantiates a Miillerian 
origin. The occurrence of primary uterine clear cell carcinoma further supports the 
Millerian origin of clear cell tumors. 


Clear Cell Adenofibromas 
Benign clear cell tumors are extremely rare and thus data are very limited. 
Clinical: Average age is 45 years. 


Gross: The average size is 12 cm and unilateral. The external surface is smooth 
and the multicystic lesion has a honey-comb appearance with clear fluid. The 
fibromatous stroma has a firm and rubbery consistency. 
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Histology: Tubules are lined by polyhedral, hobnail or flattened cells with either 
minimal cytoplasm or abundant clear, granular or eosinophilic cytoplasm. 
Cytoplasmic glycogen is usually present. Minimal cytologic atypia and mitoses 
are present if at all. The stroma is fibromatous and compact. Mucin may also be 
seen. 


Prognosis: Benign. 


Atypical Proliferative Clear Cell Tumors (APCCT), Clear Cell Borderline 
Tumors (CCBT) 


Atypical Proliferative Clear Cell Tumors (APCCT), Clear Cell Borderline 
Tumors (CCBT), Clear Cell Tumor of Low Malignant Potential: This lesion 
resembles a clear cell adenofibroma and additionally shows moderate cytologic 
atypia and/or epithelial proliferation without invasion. These tumors are very rare, 
0.2% of ovarian epithelial tumors [3]. This is a challenging diagnosis and the 
distinction between APCCT and carcinoma is believed to be amongst the most 
difficult distinctions in gynecologic pathology [80]. 


Clinical: Average age is 60-70 years. 
Gross: Average size is 15 cm and resembles an adenofibroma with soft foci. 


Histology: Morphologically, again resembles a clear cell adenofibroma however, 
there is a significant glandular crowding and epithelial proliferation with 
stratification and budding. There is also significant cytologic atypia with coarse 
chromatin, macronucleoli, and up to 3 mitoses per 10 HPF. The upper limit of 
glandular crowding in APCCT is not well defined, thus some are likely diagnosed 
as carcinoma. Atypical endometriosis is designated when the lining of the 
endometrioma shows clear cells with atypia [81]. Very rarely in this setting there 
is malignant cytology without invasion which is designated an APCCT with 
intraepithelial carcinoma. 


Prognosis: Excellent survival in limited data available. 
Clear Cell Carcinoma 


Clear Cell Carcinoma (Figs. 67 - 69): Invasive, malignant clear and eosinophilic 
(pink) cells most often seen in association with its precursor, endometriosis with 
atypia. Clear cell carcinoma’s association with endometriosis is the highest among 
all types of ovarian carcinomas. 


Clinical: Average age is 50-53 years. Nonspecific symptoms associated with an 
abdominal or pelvic mass. Interestingly, clear cell carcinoma is the ovarian 
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epithelial tumor most commonly associated with vascular thrombotic events and 
paraneoplastic hypercalcemia [82, 83]. 


stroma. 


Fig. (68). Clear Cell Carcinoma (100x) Characteristic papillary and tubulocystic architecture and hyalinized 
stroma (pink). Clear cytoplasm and hobnail cells are seen. 
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Fig. (69). Clear Cell Carcinoma (400x) Clear and hobnail cells with mild to moderate cytologic atypia and a 
hyalinized stroma. 


Gross: Average size is 13-15 cm, ranges up to 30 cm and typically unilateral. 
Often associated with an endometriotic cyst filled with chocolate-like fluid and 
nodules or polypoid areas of the lining or a larger solid focus. Less commonly 
may present as a unilocular thick walled cyst with nodules of the lining or 
multilocular cystic mass with serous or mucinous fluid. Even less commonly seen 
is the gross appearance of a clear cell adenofibroma or APCCT described above 
[3]. 


Histology: Malignant cells with clear and slightly granular eosinophilic 
cytoplasm in multiple patterns, usually all present in combination in the same 
tumor: tubulocystic, papillary, and/or solid. The solid pattern shows sheets of 
polygonal clear cells separated by thin fibrovascular or dense fibrotic stroma. An 
adenofibromatous background may be present and is more often seen with the 
tubulocystic growth pattern, which has variable sized tubules and cysts [84]. 
Usually associated with endometriosis, the cystic tumors display papillary growth 
and characteristically, the papillae have hyalinized cores. Oxyphilic clear cell 
carcinoma refers to those tumors where cells predominately have abundant 
eosinophilic cytoplasm. The clear cytoplasm is due to glycogen and may also 
display intracytoplasmic mucinous inclusions. PAS positive hyaline globules are 
characteristic of clear cell carcinomas. Also, characteristically present in the 
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papillary and tubulocystic patterns are hobnail cells, the seemingly naked nuclei 
protrude into the tubular lumen or cystic spaces. Nuclear features range from 
small and rounded to large and pleomorphic with macronucleoli. In fact, most 
tumors show a spectrum of mild to severe atypia, thus clear cell carcinomas are 
always high grade. Usually, mitoses are inconspicuous and necrosis, hemorrhage, 
psammoma bodies, and stromal inflammatory cells may be seen [84]. One third of 
clear cell carcinomas are cystic lesions arising directly from endometriosis as 
either gradual or abrupt transition from benign to malignant epithelium [84]. In 
comparison to the adenofibromatous type, the cystic type is significantly more 
likely to show endometriosis and atypical endometriosis [84]. Recent studies have 
shown that more than 50% of clear cell carcinomas are associated with 
endometriosis, ovarian or elsewhere in the peritoneal cavity [84]. 


Immunohistochemistry: Positive for CK7, CAM5.2, EMA, HNF-18, napsin A, 
Leu M1, vimentin, BRCA1, WT1, TTF1. Negative for AFP, CK20, p53, CD10, 
CEA, ER, PR. The stroma is positive for type IV collagen and laminin [3]. 


Molecular: PIK3CA is the most common mutation, and while PTEN, CTNNBI, 
KRAS, BRAF, and p53 mutations may be present, however frequency is low [85, 
86](Mayr, 2006). More recently, 17% of ovarian clear cell carcinomas showed 
microsatellite instability [87]. Hepatocyte nuclear factor-1 beta (HNF-18) gene 
overexpression is specific for clear cell carcinoma [88]. 


Prognosis: Stage dependent, however clear cells have an adverse prognosis in the 
advanced stage [89]. Platinum-based chemotherapies are not as effective due to 
the low proliferative index. 
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CHAPTER 3 


Dualistic Typing of Epithelial Ovarian Cancers: 
Emerging Paradigms for Oncogenic Progression 
and Cancer Treatment 


D. Stave Kohtz’ 
Foundational Sciences, Central Michigan University College of Medicine, USA 


Abstract: Dualistic classifications assign tumors arising from one tissue into two broad 
types based on differences in histology or grade, growth parameters (e.g., hormone 
dependence or independence), prognosis, or expression of specific markers. Genomic 
analyses have allowed a more mechanistic expression of dualistic classification, so that 
tumor types may be founded on functional differences in the genetics of their 
development. This review considers the dualistic model of ovarian cancer, which is 
based primarily on whether or not mutations in the TP53 gene appear in the chronology 
of tumor progression. Type I ovarian cancers generally do not display mutations in the 
TP53 gene, and, according to several criteria, they have developed in the context of a 
relatively stable genome. In contrast, Type II ovarian cancers develop mutations in the 
TP53 gene early in tumorigenesis, and the resulting genome destabilization becomes a 
primary driver in tumorigenesis. Type I ovarian cancers generally are of lower grade 
and display a less malignant phenotype than Type II ovarian cancers, despite the better 
response of Type II ovarian cancers to certain chemotherapeutic regimens. Some 
reports have shown that mutation of TP53 can occur, albeit rarely late in a putative 
Type I progression, giving rise to an ovarian cancer with growth and survival 
properties similar to a Type II cancer. Future work should apply principles of dualistic 
cancer lineages acquired from ovarian and some other cancers (e.g., sporadic and 
inflammatory bowel disease-associated colorectal cancer) to produce a unified model 
applicable to the prognostication and development of therapeutics for all cancers. 


Keywords: Dualistic tumor classification, Genomic destabilization, Type I 
ovarian cancer, Type II ovarian cancer, TP53, Tumor progression. 


INTRODUCTION 


The dualistic distinction of Type I and Type II ovarian carcinomas (OvCas) aligns 
with the general observation that genetically divergent pathways of oncogenic 
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progression often arise within related tissue types [1, 2]. The precursor lesions for 
Type I tumors commonly occur on or within the ovary, whereas those for Type II 
tumors are thought to arise from the tubal or ovarian surface epithelium. The 
inception of oncogenic progenitors for Type I or Type II lineages is considered a 
deterministic fork in tumor development, and the potential for developing Type I 
lesions to provide precursors for Type II OvCas is discounted in the dualistic 
model. The key molecular difference between Type I and Type II molecular 
lineages in OvCas is the acquisition of defects in gene structure or regulation of 
TP53 during the early ontogeny of Type II neoplasms. 


Precursor lesions for Type II ovarian neoplasms, including dysplastic cells in the 
fallopian tube epithelium and/or tubal intraepithelial carcinomas [3], have been 
identified with 7P53 mutations that are characteristic of serous carcinomas [4]. 
Defects in TP53 function are the early drivers in sporadic Type II neoplastic 
lineages, while familial forms are predisposed towards generating defects in TP53 
by the loss of function mutations in genes responsible for maintaining DNA 
integrity such as BRCA//2 [5]. Consistent with defects with TP53, Type II OvCas 
display chromosome instability, extensive copy number variations (CNVs), and 
other chromosomal defects [6]. In contrast, Type I OvCas do not commonly 
display defects in 7P53 or overt manifestations of genomic instability at a level 
consistent with Type II neoplasms [6]. Most Type I OvCas are thought to undergo 
stepwise progression from adenomas or low malignant potential growths to 
carcinoma, accumulating mutations in a subset of genes that, depending on 
histological type, can include KRAS, NRAS, PIK3CA, PTEN, BRAF, CTNNB1, 
ERBB2, ARIDIA, AKT, or PPP2RIA [7]. Transitions of Type I to Type II 
neoplasms through later forming defects in TP53 have been observed in specific 
instances [8, 9], with at least one reported case of high grade endometrioid OvCa 
generated through this pathway [10]. Defects in 7P53 or BCL2 have been 
associated with malignant transformation of endometriotic cysts [11]. A murine 
model of endometrioid ovarian cancer has suggested that defects in TP53 or 
PIK3CA arising late in tumor progression are responsible for generation of high 
grade endometrioid OvCa, a mechanism consistent with rare lineage conversions 
from Type I to Type II [12]. A large fraction of mucinous neoplasms classified as 
carcinomas also display mutations in 7P53 [13], and it is possible that all or a 
subset of these arose though late conversion of benign or borderline neoplasms. 


Type I ovarian neoplasms are generally low grade, relatively indolent, and display 
endometrioid, clear cell, mucinous, low grade serous, or transitional cell 
histologies. In contrast to the relative indolence of most Type I neoplasms, clear 
cell carcinomas display a poor prognosis [14, 15]. Type II neoplasms are 
generally more aggressive and less well differentiated than Type I neoplasms, and 
present mostly as high grade serous ovarian carcinomas (HGOSCs), but also may 
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appear as undifferentiated carcinomas and carcinosarcomas. The distinction 
between low and high grade ovarian cancers is frequently equated with Type I and 
Type II cancers, with the caveats that low grade and high grade serous OvCAs 
represent two distinct tumor types rather than low and high grade variants of the 
same neoplasm, and that some type I neoplasms, particularly clear cell carcinoma, 
may display high grade characteristics [16]. In addition, pathologists may 
preferentially identify most high grade OvCas as serous OvCas, and less 
commonly distinguish high grade endometrioid OvCas [16]. Analyses from the 
Cancer Genome Atlas Network revealed defects in TP53 in 96% of Type II 
neoplasms [17]. Alternative mechanisms of TP53 inactivation, including 
increased expression of MDM2 or MDM4 through copy-number gain, may 
account for 7P53 functional defects in Type II neoplasms without 7P53 mutations 
or changes in 7P53 methylation [5]. 


Ontogeny of Type I Ovarian Carcinomas 


Risk analyses for ovarian cancer, including the role of prior surgery, hormone use, 
and use of non-steroidal anti-inflammatory drugs has supported the view that the 
oncogenic pathways driving progression of Type I and Type II OvCas are distinct 
[18]. A classification scheme for Type I ovarian carcinomas has been proposed to 
include three groups: i) endometriosis-related (endometrioid, clear cell, and 
seromucinous or mixed Müellerian), ii) low grade serous carcinomas, and iii) 
mucinous carcinomas and malignant Brenner tumors [2]. Most evidence supports 
a classic stepwise progressive model for Type I ovarian neoplasms. Type II 
neoplasia, because of the ubiquitous defects in the TP53 gene as well as other 
defects that have been observed in genes involved in DNA repair [19], is driven 
primarily by genomic destabilization resulting in extensive copy number and 
other chromosomal defects. In contrast, the development of Type I OvCas 
proceeds through intermediate lesions or borderline tumors and can extend over 
several years. The rate limiting step for Type II OvCas is thought be mutation of 
TP53, a process that is accelerated by familial defects in BRCAJ/2, and is 
followed by progression to carcinoma that is thought to be more rapid process 
than progression of Type I carcinomas [2]. There is evidence that genomic 
destabilization through loss of mismatch or homologous recombination repair 
gene function may also contribute to progression of endometrial and clear cell and 
clear cell carcinoma [20, 21], but these mutations occur later and function less 
prominently in progression than do mutations in 7P53 or BRCAI/2 in Type II 
carcinomas. 


Many Type I ovarian neoplasms are diagnosed while still confined to the ovary, 
suggesting that some tumors of this type arise directly from epithelium of the 
ovary. A positive association between endometriosis and the occurrence of 
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ovarian clear cell and endometrioid carcinomas suggests that released cytokines 
or other factors may induce the growth and transformation of cells with 
endometrioid or clear cell phenotypes from the ovarian epithelium. Alternatively, 
the ovary may provide a substrate for the growth of precursors of these cells that 
are released from the inflamed endometrium [22]. Mutations in PTEN and KRAS 
are frequently observed in ovarian endometrioid carcinomas, with KRAS 
mutations being preferentially associated with endometriosis-associated 
neoplasms [23, 24]. In contrast, enhanced accumulation of B-catenin appears in 
ovarian endometrioid neoplasms lacking KRAS mutations [23]. Mutations in 
CTNNB!]1 (B-catenin gene), are observed in ovarian endometrioid carcinomas, but 
are rarely observed in other Type I neoplasms [25, 26]. Detection of PTEN 
mutations, which are observed in ovarian endometrioid neoplasm arising in either 
the presence or absence of endometriosis, have been observed in benign 
endometrial lesions adjacent to ovarian endometrioid or clear cell carcinomas. 
Similarly, inactivating mutations and/or loss of expression of AR/D/A, a tumor 
suppressor involved in SWI/SNF chromatin remodeling, have been reported in a 
majority of ovarian endometrioid and clear cell carcinomas, as well as in 
endometriotic cyst epithelium in the vicinity of the carcinoma [27]. Ovarian 
undifferentiated carcinomas are often associated with low-grade endometrioid 
tumors, and somatic mutations found in the low-grade neoplasms were shared by 
the carcinomas. Mutations in PIK3CA, CTNNBI, TP53, FBXW7, and/or 
PPP2RIA are observed mostly in the undifferentiated carcinomas, suggesting 
these mutations arise later in progression and contribute to the transition from 
benign to malignant neoplasia [28]. 


Most observations support an endometrial origin for the precursor cells of a large 
subset of ovarian endometrioid or clear cell carcinomas [29, 30]. Although 
endometriosis has been associated with a large fraction of ovarian endometrioid, 
clear cell, and seromucinous tumors, it is not clear that these tumors are 
exclusively derived from endometrial cells or induced by factors released by 
endometriosis. Seromucinous ovarian tumors are rare borderline or malignant 
tumors that are associated with endometriosis in ~23% of cases and that appear 
microscopically to have varied cellular composition. The medullary/paraovarian/ 
tubal or deeply cortical localization that is frequently observed suggests that 
seromucinous tumors originate from the secondary Miiellerian system or vestigial 
structures [31]. 


Low grade serous are less common than high grade serous OvCas, and consistent 
with other Type I OvCas, are thought to progress in a stepwise fashion from 
benign lesions. The latter include serous cystadenomas or more advanced ovarian 
lesions such as atypical proliferative serous or borderline serous tumors [32]. 
Serous tumors with micropapillary architecture have been proposed to represent 
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an intermediate between borderline tumors and low grade serous carcinomas [33 - 
35]. Low grade serous OvCas generally lack TP53 defects and are genetically 
stable. Mutations in KRAS are observed in one third of serous borderline tumors 
and 33% of low grade serous carcinomas, and mutations in BRAF are observed in 
28% of serous borderline tumors and 30% of low grade serous OvCas [36 - 39]. 
The presence of KRAS/BRAF mutation is a favorable prognostic factor for women 
with low grade serous ovarian carcinoma [40]. In addition, KRAS and BRAF 
mutations are also observed in cystadenomas adjacent to serous borderline tumors 
[41]. Together, these observations indicate that KRAS and BRAF mutations occur 
early in low grade serous tumorigenesis and promote progression by 
constitutively activating downstream MAPK signaling pathways. Similar to high 
grade serous OvCas, low grade serous OvCas are thought to arise from fallopian 
tube epithelium, and gene expression profiles of low grade serous OvCas align 
better with fallopian tube epithelium than with expression profiles of cells from 
ovarian surface epithelium [42]. 


The phenotype of mucinous carcinomas is anomalous as it is not reflective of 
Miiellerian tissues, but rather resembles cells of the gastrointestinal tract [43]. It is 
likely that many or most mucinous carcinomas in ovary are metastatic in origin, 
and primary mucinous ovarian carcinomas derived from structures such as the 
fallopian tube are rare [44]. The coincident appearance of some mucinous ovarian 
carcinomas with mature cystic teratomas has suggested that the associated 
mucinous neoplasms may derive from germ cells or teratomas, a conclusion 
supported by DNA genotyping and other investigations [45, 46]. Ovarian 
neoplasms bearing mucinous histology are classified as benign, borderline 
(including endocervical-like or Miiellerian), intestinal, or most rarely, as 
carcinomas [47]. Mutations in the KRAS gene have been observed in Type I 
mucinous OvCas of Miiellerian and gastrointestinal types [48]. The mutational 
landscape of mucinous neoplasms includes genes that are typical Type I drivers 
(KRAS, BRAF, ERBB3), as well as frequent appearance of mutation in RNF43, 
ELF3, GNAS, CDKN24A, and KLF5 [13]. In some studies, approximately half of 
mucinous carcinomas have mutations in 7P53 [13]. It is possible that TP53 
mutations arise late in mucinous tumor progression during conversion from low to 
high grade forms as may be observed rarely with other Type I neoplasms. 
Alternatively, 7P53 mutations appear more frequently in mucinous than in other 
Type I histotypes and may play a role different from that in Type II ovarian 
neoplasms, perhaps more akin to the role of late 7P53 mutations in sporadic colon 
cancers. 


Brenner tumors are the rarest form of ovarian neoplasm, and although most are 
benign, Brenner tumors can appear in benign, borderline (atypical proliferative), 
or malignant forms. Brenner tumors and some ovarian mucinous tumors may 
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derive from metaplastic transitional cells at the tuboperitoneal junction [49]. 
Comprehensive molecular analyses of Brenner tumors have been hindered by 
their rarity. The tumors consist of transitional-appearing epithelium surrounded by 
a fibromatous stroma, and mutations have been detected in both cellular 
components. Rare mutations in PIK3CA have been detected specifically in the 
stromal components and not shared by the epithelial component, while mutations 
in CDKN2A appear to be associated with progression from benign to atypical 
proliferative forms [50]. Isoforms of TP63 are commonly expressed in benign and 
borderline Brenner tumors, and may be used to distinguish them from other 
ovarian neoplasms [51]. Only a fraction of malignant Brenner tumors express 
TP63, and TP63 immunoreactivity is absent from ovarian transitional cell 
carcinomas [51]. As 7P63 is expressed in urinary bladder transition cell 
carcinomas, cervical transitional cell metaplasia, and Walthard cell rests, it is 
possible that the cellular origin of benign and borderline Brenner tumors may 
differ from some malignant Brenner tumors, and the metastatic forms may not 
derive from these sites. Brenner tumors are commonly associated with adjacent 
mucinous tumors; however, expression of the phenotypic markers PAX2, PAX8, 
GATA3, and SALL4, which are observed in Brenner tumors, is absent from the 
mucinous tumor cells [52]. 


Ontogeny of Type II Ovarian Carcinomas 


Most Type II ovarian malignancies are high grade serous malignancies, but also 
included in this class are undifferentiated carcinomas, and carcinosarcomas. 
Germline BRCA//2 defects manifest in the ovary most often as high grade serous 
ovarian carcinomas [53, 54], but also have been associated with endometrioid, 
clear cell, and carcinosarcomas [55, 56]. High grade ovarian serous carcinomas 
(HGOSC) most closely represent the paradigm for development of Type II 
ovarian neoplasms, and account for ~75% of ovarian carcinomas [6, 17, 57]. High 
grade endometrioid and other putatively “converted” neoplasms are generated by 
progression through a series of mutations in a specific subset of genes and by the 
appearance of precursor or intermediate neoplasms. In these cancers, defects in 
TP53 accompany late conversion to a carcinoma or malignant phenotype. This 
contrasts the early appearance of 7P53 defects in ovarian high grade serous 
carcinomas, which lead to profound genomic destabilization, rapid tumor 
progression, accumulation of copy number changes, and only a weak consensus in 
the mutations or genetic changes observed between individual tumors. 


The classical view of the origin of high grade ovarian serous neoplasms suggested 
that they were derived from ovarian surface epithelium, a view that was supported 
by reports of increased TP53 protein observed focally in ovarian inclusion cysts in 
women with serous carcinomas [58]. These lesions were not observed, however, 
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in ovaries of women with germ line BRCA//2 mutations [59]. Dysplastic lesions 
were reported in prophylactically removed ovaries from women with presumptive 
germ line BRCA mutations, and these were thought to represent preneoplastic 
transformation events [60]. The involvement of the ovarian surface epithelium in 
the genesis of HGOSC was support by the proposed relationship between repeated 
ovulations and the frequency of development of ovarian neoplasms [61]. The 
incessant ovulation hypothesis proposed that the stress and inflammation caused 
by ovulation on the surface of the ovary promotes oncogenesis; the gonadotropin 
hypothesis suggests that gonadotropins promote cellular transformation by 
stimulating the ovarian surface epithelium [62]. Both hypotheses have gained 
support from the observation that use of oral contraceptives reduces the risk of 
ovarian neoplasms, and both have prompted questions about the safety of fertility 
drugs [63]. In addition, the incidence of ovarian cancer increases after menopause 
along with increased gonadotropin levels, supporting the gonadotropin hypothesis 
[62]. Progression of epithelial cells derived from the fimbria of the fallopian tube 
towards ovarian cancer could also be promoted by ovulation, as inflammation and 
proliferation at the ovarian surface may promote trapping of sloughed fimbrial 
cells [64]. 


Development of high grade serous carcinomas from a precursor lesion in the 
fimbriae of the fallopian was first suggested by the presence of serous tubal in situ 
carcinoma in prophylactically removed fallopian tubes of women with germ line 
mutations in BRCA//2 [65, 66]. These lesions are the likely precursors of serous 
tubal intraepithelial carcinoma (STIC). Enhanced expression of H2AX and the 
presence of shorter telomeres indicated that DNA damage signaling is enhanced 
in STICs [67]. A tubal abnormality referred to as a secretory cell outgrowths 
(SCOUTs) has been reported as the earliest evidence of transformation in the 
fallopian tube [68]. The link to HGOSC is tenuous, as these lesions are 
characterized by a lack of TP53 mutations, low PTEN and low Ki67, and they 
present as an array of secretory cells with a pseudostratified appearance [69]. The 
earliest veritable precursor lesion, referred to as the “p53 signature” [70], has been 
detected as a strongly TP53-positive strand of single cell deep, non-proliferative 
epithelium in the fimbriae of fallopian tubes that were removed as part of 
prophylactic surgery [66, 71]. Intermediate lesions have been referred to as serous 
tubal intraepithelial lesions or transitional intraepithelial lesion of the tube, and 
display p53 signatures, proliferative characteristics, tubal dysplasia and atypia 
[72, 73]. 


The consistency of PAX8 staining in most epithelial ovarian cancers (except 
mucinous) and in fallopian tube lesions supports the fallopian tube as an origin for 
high and low grade serous ovarian neoplasms [74 - 76]. Recent genomic 
evolutionary analyses have provided strong evidence that p53 signatures and 
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serous tubal in situ carcinoma are precursors of HGOSCs, and progression from 
these lesions to HGOSC is thought to take approximately seven years [77]. In a 
genetically engineered murine model of HGOSC (Dicer-Pten double knockout), 
removal of the fallopian tube at an early age prevents cancer, whereas removal of 
the ovaries does not prevent cancer, strongly implicating the fallopian tubes as the 
tissue origin of HGOSC [78]. However, when these animals are further modified 
to express a p53 mutation (p53(R172H), similar to human HGOSCs), they 
develop HGOSCs from their ovaries after removal of the fallopian tubes [79]. 
Further, p53(R172H)-Pten double mutant mice also develop HGOSC from both 
fallopian tube and ovarian surface epithelium. Together, these observations 
indicate that while fallopian tube, in particularly fimbrial epithelial cells, is an 
established source of precursors for HGOSC, a role for the ovarian surface 
epithelium in some cases has not been ruled out. Determination of the cellular 
origin(s) of HGOSC is important for directing prophylactic surgery in women at 
risk for ovarian cancer [80]. 


Genetic Divergence in Type I and II Ovarian Neoplasms 


The progression of Type I and Type II OvCas diverges at inception: primary 
genetic changes in nascent Type I lesions alter MAPK growth signaling pathways 
to deregulate growth control, while the primary changes in Type II lesions 
negatively impact BRCAJ/2 and/or TP53 surveillance of DNA integrity and 
thereby promote the accumulation of mutations, chromosomal abnormalities and 
copy number variations. The totality of genomic changes in Type II OvCas 
greatly exceeds that of Type I OvCas, although the specific role of individual 
changes as drivers or passengers in the oncogenic process is less clear for Type II 
than for Type I OvCas. Type II OvCas display profound instability over the entire 
genome, but confounding genetic analyses of Type II OvCas is a dearth of 
significantly mutated genes present in at least 5% of cases. Significantly mutated 
genes are identified statistically in a tumor type as genes with mutations that are 
positively associated with tumor progression [81]. An analysis of 12 different 
cancer types including HGOSCs revealed 127 significantly mutated genes, and 
the number of significantly mutated gene occurring in at least 5% of cases 
examined varied significantly [82]. A cluster analysis of 7P53-driven tumors 
revealed the lowest number of significantly mutated genes appearing in certain 
breast, head and neck, and ovarian cancers [82]. Type II OvCa displayed the 
lowest number of non-synonymous point mutations in significantly mutated genes 
of any of the cancer types examined (<2), with the prevailing mutation found in 
TP53. Median total mutation frequencies (number of mutations per Mb) for Type 
II OvCas were below the average for the 12 tumor type examined (although not 
the lowest); however, these studies considered transversions and transitions, but 
did not incorporate copy number variations [82]. Analyses of seven tumorigenic 
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amplicons revealed wide-spread copy number changes in Type II tumor compared 
to a relatively flat chromosomal landscape observed in Type I tumors [83]. Other 
analyses at higher resolution revealed numerous and frequent microdeletions and 
amplifications within the genomes of Type II OvCas, and copy number variations 
common to Type II OvCas as well as those linked to patient outcome or 
metastatic potential have been identified [57, 84 - 87]. 


Outside of mutations in 7P53 and, less frequently, mutations in BRCA genes, 
different Type II OvCas display few common driver point mutations, and progress 
instead through accumulation of DNA copy number aberrations and chromosomal 
abnormalities [88]. In addition to germ line mutations in BRCA/ and BRCA2 (14- 
16% frequency), other lower frequency germ line mutations (6% or less) have 
been observed in massive parallel sequencing studies of women with primary 
ovarian, peritoneal, or fallopian tube carcinoma [19]. Although a study from The 
Cancer Genome Atlas (TCGA) Research Network [17]) did not identify germ line 
mutations among ovarian cancer patients in any genes other than BRCA/ or 
BRCA2, this may be due to low depth of coverage and lack of intronic coverage in 
that study. A consistent theme among the identified germ line mutations arises 
from their functions in maintaining DNA integrity and in DNA repair [19]. Germ 
line mutations appeared in all of the Fanconi anemia pathway genes that were 
tested in the Walsh study (NBN, MRE11, RAD50, RAD5IC, PALB2, BARD 1, and 
BRIP1) as well as in TP53 (Li-Fraumeni syndrome type 1), MSH6 (Lynch 
syndrome), or CHK2 (Li-Fraumeni syndrome type 2). Loss of the normal allele 
for these genes was usually observed in the tumor cells [19]. 


Statistically significant recurrent somatic mutations (other than TP53 or BRCA 
1/2) were found at low frequency in the TCGA study in the RB/, NF1, FAT3, 
CSMD3, GABRA6, and CDK12 genes [17]. In addition, epigenetic alterations 
resulting in reduced expression of BRCA and other genes are observed with low 
frequency in Type II OvCas [89]. Global analyses of amplified genes in HGSOCs 
revealed low frequency increases in the copy number of CCNE/, NOTCH3, 
HBXAP, AKT2, PIK3CA or chr12p13, but increased copy numbers of ERBB2 
were not observed in Type II cancers [83]. The Cancer Genome Atlas project 
identified four HGOSC Type II ovarian cancer transcriptional subtypes [17], 
while the Australian Ovarian Cancer study identified five transcriptional subtypes 
[88]. These subtypes arise through analyses of affected molecular pathways, and 
the relationship between Type II ovarian cancer subtypes and specific genetic 
changes is under investigation. The Cancer Genome Atlas project identified four 
subtypes based on promoter methylation, and three based on miRNA subtypes. 
Frequent disruptions of the RB, PI3K, NOTCH, and FOXM1 pathways were 
noted as independent of the Type II molecular subtype [17]. 
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Low grade Type I ovarian tumors arise from progressive transformation of 
premalignant neoplasms, and in contrast to Type II neoplasms, development of 
Type I neoplasms occurs in the context of a relatively stable genome. In contrast 
to Type II ovarian neoplasms, Type I neoplasms display a consensus of high 
frequency gene mutations that are associated with specific histological forms 
(discussed above). Low grade serous cancers (Type I) frequently display 
activating mutations in genes that function in the RAS pathway (KRAS, BRAF) 
and increased copy number of ERBB2, while low grade endometrioid cancers 
frequently display activating mutations in the WNT-f-catenin (CTNNB/) pathway 
[90] and loss of function mutations in PTEN [1, 25, 26]. The mutational landscape 
of low grade mucinous neoplasms frequently includes members of the RAS 
pathway (KRAS, BRAF, or ERBB3), along with frequent mutations in other genes 
including CDKN2A [13]. Clear cell and endometrial cancers frequently display 
mutations in ARID/JA [27]. The pathways leading to malignant neoplasms for 
Type I and II ovarian tumors are distinct; a question remains, however, regarding 
the rare appearance or absence in Type II neoplasms of defects in certain genes 
that are frequently found to be defective in Type I neoplasms. Increases in ERBB2 
copy number, frequently observed in low grade serous type I neoplasms, are 
rarely observed and not associated with malignant potential in HGOSCs [83, 91, 
92]. Genetic changes or mutations commonly observed in Type I neoplasms, such 
as in KRAS and/or BRAF in low grade serous tumors, KRAS in mucinous tumors, 
CTNNB1 and/or PTEN in endometrioid tumors, and ARID/JA and/or PIK3CA in 
clear cell or endometrioid tumors are rarely or not found in Type II ovarian 
tumors [1, 93, 94]. Pathway analyses have shown that despite infrequent or the 
absence of physical aberrations in these genes Type II ovarian neoplasms, 
activation or suppression of signaling through the pathways that involve these 
genes is frequently observed. Thus, in the context of proliferating Type II tumor 
cells, these genes and their products appear to operate under normal regulatory 
and functional rules, but intrinsic defects in them are not driving neoplasia [17]. 


An analysis of the co-occurrence or exclusivity of mutations or small insertions or 
deletions in 127 significantly mutated genes revealed a set of 12 genes that show 
strong exclusivity or co-occurrence in over 3,000 tumors from 12 different tumor 
types [82]. From this study, tumors that possess mutations in 7P53 show strong 
exclusion of mutations in PTEN, VHL, ARIDIA, PBRM1, PIK3CA, PIK3R1, 
GATA3, and/or CTNNB1, moderate exclusion of mutations in KRAS and/or 
DNMT3A, and strong co-occurrence of mutations in APC and CDKN24A. These 
results are consistent with the divergence of mutated genes observed between 
Type I and Type II ovarian tumors: Type II neoplasms are characterized by 
mutations in 7P53 and display an absence or low frequency of mutations in 
KRAS, BRAF, PTEN, ARIDIA, PIK3CA, and CTNNB1. Mutations in subsets of 
the latter genes are observed frequently in different Type I ovarian neoplasms. 
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DNMT3A mutations have not been observed in any form of ovarian cancer [95]. 
Mucinous tumors, which display the highest frequency 7P53 mutations of the 
Type I ovarian tumors, also display frequent mutations in CDKN24A. Consistent 
with this, the analysis of 12 different tumor types revealed that CDKN2A 
mutations frequently co-occur with 7P53 mutations [82]. Finally, K-RAS or BRAF 
mutations are observed frequently in borderline tumors but not in invasive serous 
carcinoma and very rarely in other invasive subtype, supporting distinct rather 
than serial oncogenic pathways [39]. In reciprocal analyses, Nakayama the most 
frequently amplified sub-chromosomal regions in Type II ovarian tumors harbor 
the CCNE1, AKT2, NOTCH3, RSF 1, and PIK3CA loci, and are not found to be 
amplified in Type I tumors [83]. Somatic mutations in PIK3CA are not observed 
in Type II cancers but they are in some Type I neoplasms. An ovarian tumor with 
defective 7P53 has been reported in which PIK3CA is mutated; this tumor 
displayed endometrioid histology, and thus may represent a transition of low 
grade Type I endometrioid cancer to high grade via late somatic mutation of TP53 
[96]. 


Genomic comparisons have revealed the presence of exclusive or co-occurring 
genetic defects among different types of neoplasms. Mutually exclusive mutations 
in genes are also observed when differentiating subsets of individual neoplasms of 
a certain type. The progression of Type I ovarian neoplasms is marked by 
mutations that occur in a specific panel of genes and in a certain order. The co- 
occurrence of certain genetic defects is not hard to understand when considering 
the different “hallmarks” of cancers and how an evolving tumor might be selected 
for mutations that meet these criteria for unrestrained growth [97]. In contrast, 
mutual exclusion of mutations in certain genes suggests that the combination of 
mutations is either toxic or growth restraining, despite the growth-promoting 
properties of either mutation in different genetic versions of the same tumor type. 
A well-documented example of mutual exclusion is the absence of co-existing 
mutations of KRAS and EGFR in lung adenocarcinomas, despite the high 
frequency of mutations in these genes individually in the same tumor type [98]. A 
potential explanation is that synthetic lethality results from “too much of a good 
thing,” that is, activating mutations in more than one component of a shared RAS 
pathway. The exclusion of certain mutations frequently observed in Type I 
ovarian cancers from 7P53-mutant positive Type II ovarian cancers is more 
challenging to explain. Mutations in 7P53 occur early in the ontogeny of Type II 
ovarian cancers, resulting in genomic destabilization and a greater probability of 
generating oncogenic genetic defects. Certain mutations that are frequently 
observed in Type 1 tumors are apparently toxic or growth suppressive to the 
developing Type I tumor cells, although a mechanism is not immediately 
apparent. Nonetheless, the observation of excluded gene mutations points towards 
pathways that may be useful as targets for development of treatments for Type II 


Dualistic Typing of Epithelial Ovarian Cancers Ovarian Cancer — Challenges and Innovations 117 
ovarian cancers. 
Prognosis and Therapeutic Responses of Type I and IT Ovarian Carcinomas 


The overall prognosis and therapeutic responses of Type I and Type II OvCas are 
different. The five-year survival for Type I OvCas at ~55%, and for Type II 
OvCas it is ~30% [12]. The long-term prognosis of most Type I ovarian 
carcinomas is better than that of Type II cancers, primarily because many Type I 
tumors are detected prior to metastasis and can be fully removed by surgery. 
Murine models of ovarian cancer have suggested that metastasis occurs late in the 
course of Type I disease, supporting the success of surgical and other 
interventions in Type I disease. On the other hand, when reached, late stage Type 
I ovarian carcinoma is deadly [12]. In contrast, most Type II carcinomas are 
initially detected at later stages, but actually respond better than Type I neoplasms 
to treatment with platinum or PARP inhibitors. Current treatment for advanced 
stage Type II ovarian cancers includes surgical debulking and platinum/paclitaxel 
chemotherapy, and while the majority of patients achieve complete remission 
after six cycles of chemotherapy, the rate of relapse exceeds 50% [99]. Ironically, 
the inactivation of genes involved in DNA damage responses, including 7P53, 
BRCA1, or BRCA2, and others, contributes to the enhanced sensitivity of Type II 
to DNA damage from chemotherapeutic agents [88]. TP53-dependent 
mechanisms of platinum toxicity are prevalent in normal cells and are responsible 
for the cytotoxic effects of platinum drugs in the kidney [100, 101]. The 
mechanism of platinum toxicity in Type II ovarian cancer cells is apparently 
TP53-independent and differs significantly from the less sensitive toxic responses 
of normal and Type I ovarian tumor cells. The greater sensitivity of TP53- 
defective tumor cells to cytotoxic agents such as platinum drugs suggests that 
TP53 may have a protective role (at least at lower doses) in Type I and normal 
cells. Defects in BRCA/ or BRCA2 are observed in approximately 10% of all 
ovarian cancer cases. Patient with germline mutations in BRCA1 or BRCA2 show 
higher response rates to chemotherapy and longer progression-free survival [17, 
102, 103]. Defects in BRCA 2 are associated with better survival and therapeutic 
responses than defects in BRCA 1 or than wild-type BRCA genes. The importance 
of loss of BRCA function in enhancing platinum sensitivity in Type II ovarian 
cancers is further demonstrated by the selective emergence of drug-resistant 
BRCA reversion mutations after platinum-based chemotherapy [104]. 


Associating gene expression profiles with prognosis in HGOSC has proven 
challenging. The expression patterns of a panel of eleven genes was shown to 
have predictive value in determining survival of patients with high grade serous 
treated with carboplatin and paclitaxel. Further, an analysis of clinical endpoints 
and genetic alterations in HGOSCs noted eight regions of amplification or 
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deletion on five chromosomes that clustered into subgroups, suggesting that 
HGOSCs may be segregated into clinically distinct subgroups. An earlier 
expression analysis of more than 300 HGOSCs identified five distinct molecular 
subtypes, four of these subtypes overlap with subgroup identified by a Cancer 
Genome Atlas Research network study [17]. These four subgroups were 
associated with specific clinical outcomes in another study [105]. The Cancer 
Genome Atlas Research Network study also delineated in HGOSCs three 
microRNA subtypes, four promoter methylation subtypes and a transcriptional 
signature associated with survival duration [17]. This study also confirmed the 
impact of BRCA/ or BRCA2 and CCNE]1 gene aberrations on survival. Another 
study employed high resolution copy number analysis and considered the 
association between copy number variation and prognosis in 118 cases of ovarian 
cancer. Newly identified genes or chromosomal regions, as well some that had 
been previously reported to have frequent copy number increases or deletions, 
were considered. This study found that increase copy number of CCNE/ or 
enhanced extracellular matrix deposition and stromal responses were associated 
with poor therapeutic outcome [84]. Further studies have shown that amplification 
of CCNE1 is critical for survival of ovarian cancer cells challenged by platinum 
and have suggested that the subgroup of HGOSC displaying amplified CCNE/ 
may be “addicted” to this gene [106]. These properties may make CCNEL1 suitable 
as a therapeutic target, either alone or in combination with platinum 
chemotherapy (see below). 


MicroRNAs (miRNAs) are short non-coding RNAs that negatively regulate 
expression of target genes at the post-transcriptional level. The operant 
mechanisms of miRNA function include interference with mRNA translation and 
stability [107]. MicroRNA expression impacts both normal development and the 
differentiation of tumor cell phenotypes. A study of 489 HGOSCs by The Cancer 
Genome Atlas Research Network identified three tumor subtypes based on 
miRNA expression and found that high expression of miR-181a is associated with 
shorter disease-free interval [17]. Further studies revealed that miR-18la 
functions in induction of epithelial-mesenchymal transitions (EMTs) by TGF-B 
via suppression of Smad7 [108]. An integrated analysis of 459 cases from the 
TCGA and 560 cases from independent cohorts revealed an miRNA regulatory 
network associated with poor overall survival and promotion of the mesenchymal 
phenotype [109]. Differential expression of eight miRNAs was tightly associated 
with this network, which functioned in regulation of E-cadherin expression, 
migration and invasion during EMTs. Aberrant expression of the miR-200 family 
has been implicated in the control of metastasis and invasion of ovarian cancers, 
primarily via its role in regulating EMTs [110 - 112]. EMT is associated with drug 
resistance and growth of cancer stem cells, and the list of miRNAs involved in 
regulation of EMT continues to grow. Testing expression of characterized panels 
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of miRNAs could provide important prognostic indicators for ovarian cancer, and 
specific miRNAs may be leveraged as targets for development of disease- 
modifying therapeutic agents. 


Progress in advancing treatment of ovarian carcinomas beyond cytoreduction 
surgery and platinum/paclitaxel combination chemotherapy, which was 
introduced over 40 years ago [113], has been slow. As the treatment paradigms 
for ovarian carcinomas change, so shall the analyses employed to predict patient 
outcomes and prognosis. Amplification of CCNE/ is observed in approximately 
20% of HGOSCs and has been associated with chemo-resistance and overall poor 
prognosis [114]. A recent study has suggested that dinaciclib, a potent inhibitor of 
CDK 1, 2, 5, and 9, may be effective in combination with other chemotherapeutic 
drugs such as platinum or PARP inhibitors [115]. While treatment of cancer cells 
with CDK2 inhibitors alone results in resistance being acquired through 
upregulation of receptor-tyrosine kinase signaling, dinaciclib treatment of ovarian 
cancer cells with amplified CCNE/ sensitizes the cells to platinum drugs [115]. 
Defects in BRCA genes make ovarian cancer patients good candidates for 
induction or maintenance therapies with PARP inhibitors [116]. The use of 
pegylated liposomal doxorubicin has shown efficacy in patients with BRCA 
defects and platinum resistance (recurrence within 6 months of prior therapy) 
[117]. Other potential combination therapeutic strategies for treatment of ovarian 
cancers with PARP inhibitors that so far have been considered for breast cancer 
regimens include phosphoinositide 3-kinase (PI3K) inhibitors and antiangiogenic 
agents (VEGFR2 inhibitors). Inhibition of PI3K results in sensitization to PARP 
inhibitors [118, 119]. The use of PARP inhibitors appears to increase 
phosphorylation of VEGFR2 and promote endothelial cell survival, an effect that 
is countered by VEGFR2 inhibitors [120]. In addition, inhibition of VEGFR2 
leads to hypoxia in the tumors, making the neoplastic cells more sensitive to 
PARP inhibitors [121]. The folate receptor is overexpressed in more than 90% of 
ovarian cancers, and anti-folate receptor strategies are being tested for use in 
treatment of platinum-resistant ovarian cancer [122]. 


The stable genomes and linear progression pathways of Type I neoplasms makes 
these neoplasms more likely to be addicted to specific oncogenes and therefore 
more responsive to targeted therapies than the Type II ovarian cancers. Clinical 
trials with EGFR inhibitors or HER-2 targeted therapies found no benefit in 
unselected cases of ovarian cancer [123 - 125]. Amplification of HER2 is 
frequently observed (18%) in mucinous ovarian carcinomas, and evidence has 
been reported that HER2-targeted therapy may be an effective treatment for this 
population of advanced or recurrent cancers [126]. Low grade ovarian serous 
carcinomas frequently show activating mutations in KRAS or BRAF, and trials 
with MAPK pathways inhibitors have shown promising results with these tumors 
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[37, 127, 128]. Activating mutations of PIK3CA or AKT, or suppressor mutations 
in PTEN, result in activation of the PI3K survival pathways and are observed in 
up to 30% of clear cell and endometrioid ovarian carcinomas [122]. Development 
of small molecules to inhibit this pathway may yield appropriate treatments for 
these Type I ovarian cancers. 


Numerous antibodies to tumor associated antigens, tumor-promoting molecules, 
and immune checkpoint molecules as well as small molecules are being 
considered for therapeutic applications in ovarian cancers (reviewed in [129]). For 
Type II ovarian carcinomas, the initial response to cytotoxic therapies is 
frequently quite strong; it is the prevention of recurrence, mediated by dormant 
cancer cells that presumably derive from drug resistant cancer stem cells, that is 
an important goal for future therapeutics. A favorable strategy of attack may 
include targeting signaling pathways that “wake up” the dormant cells and cause a 
relapse. Such therapeutic agents would increase the disease-free interval by hitting 
the snooze button on the alarm that awakens dormant ovarian cancer cells. 
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Abstract: High-grade serous carcinoma (HGSC) is the most common epithelial 
ovarian cancer (EOC) accounting for 60% to 80% of ovarian cancers. Its main 
molecular alterations are 1) mutation or non-function of TP53, 2) BRCAI or BRCA2 
germline mutations and 3) alterations in the EGFR/HER2 pathway with Her2 
overexpression. Despite these well-known genetic alterations, our understanding of 
gene interactions in canonical pathways remains fairly rudimentary. One approach to 
better understand gene-biopathway interplay is using in-silico analyses of gene 
expression microarray databases available in the public data repositories. Minimum 
information about a microarray experiment (MIAME) guidelines established, as a pre- 
requisite for the publication of microarray data, that data supporting published 
conclusions are made available for further analyses by other researchers. However, in 
spite of the availability of large, responsibly generated datasets to the public, secondary 
analyses are rarely performed. The purpose of this chapter is to show an example of 
this approach by undertaking an in-silico analysis of Public Gene Expression Omnibus 
(GEO) datasets comparing the gene expression between HGSC and Fallopian Tube 
Epithelium (FTE) and between HGSC and Ovarian Surface Epithelium (OSE), to then 
apply a Functional Genomics approach to study the gene interaction of HGSC in 
canonical pathways, in-silico activation of these pathways, and how chemotherapeutic 
drugs potentially affect them. We will explain step by step the methodology and 
results, including the datasets selection, data filtering and normalization, comparison of 
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the gene expression between the samples using a class comparison analysis, validation 
by immunohistochemistry (IHC) and Functional Genomics Analysis using Ingenuity 
Pathway Analysis (IPA). 


Keywords: Canonical pathways, Epithelial ovarian cancer, Functional genomics, 
Gene interaction, /n-silico analysis, Ingenuity Pathway Analysis, Mutations. 


INTRODUCTION 


The World Health Organization classifies ovarian neoplasms according to the 
most likely tissue of origin: surface epithelium (65%), germ cell (15%), sex cord- 
stromal (10%), metastases (5%), and miscellaneous (5%) [1]. Surface epithelial 
ovarian cancer (EOC) is further classified by cell type (serous, mucinous, 
endometrioid, efc.) and grade of atypia (benign, atypical proliferative, or 
malignant) [2]. The great majority of the malignant ovarian tumors are EOC 
(90%) corresponding to the most important cause of gynecologic cancer mortality 
in developed countries. Most cases are diagnosed at advanced stage, mainly due 
to lacking of screening programs, which turns into an overall 5-years survival rate 
of 30% [3]. Surgery is the treatment of choice to achieve optimal tumor debulking 
and subsequent histopathology analysis and FIGO staging [4]. High-grade pelvic- 
type serous carcinoma (HGSC) is the most common EOC accounting for 60% to 
80% of ovarian cancers. The origin of pelvic-type HGSC is a subject of debate, 
although evidence is rapidly accumulating in support of a malignant 
transformation of the fallopian tube mucosal epithelial cells [5]. 


The main pathways and/or mutations described in HGSC are: 1) TP53 pathway, 
which either by mutation or non-function in up to 50% to 80% of tumors, 
distinguishes HGSC from other ovarian cancer subtypes. Furthermore, a “p53 
signature”, defined as morphologically normal epithelium containing p53-positive 
secretory cells is a current proposed precursor [6 - 9] Fig. (1), taken and modified 
from [8]); 2) BRCA1 or BRCA2 germline mutations, which are observed in 
approximately 18% of the patients with pelvic-type HGSC [10]; 3) EGFR/HER2 
pathway, with Her2 over-expression being observed in 20% to 30% of the 
epithelial ovarian cancers [7, 11]. Despite these well-known genetic alterations in 
HGSC, our understanding of gene interactions and signaling molecules in 
canonical pathways remains fairly rudimentary. 


One approach to better understand gene-biopathway interplay is using in-silico 
analysis of gene expression microarray databases available in the public data 
repositories. Some of these databases are The Cancer Genome Atlas (TCGA), 
DNA Data Bank of Japan, European Bioinformatics Institute, the National Center 
for Biotechnology Information (NCBI), and ArrayExpress [12]. Coupling in-silico 
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analysis with high-throughput genomic technology has enabled the identification 
of therapeutic targets and risk factors for specific diseases, an important 
application in this newly emerging era of personalized medicine [13]. Minimum 
information about a microarray experiment (MIAME) guidelines has been 
established, and a pre-requisite for the publication of microarray data is that data 
supporting published conclusions are made available to researchers, rendering 
their data useful for further analyses by others [14, 15]. However in spite of the 
availability of large, responsibly generated datasets to the public, secondary 
analyses are rarely performed [16, 17]. Along this line, we’ll show an example of 
one potential approach by undertaking an in-silico analysis of Public Gene 
Expression Omnibus (GEO) datasets comparing the gene expression between 
HGSC and Fallopian Tube Epithelium (FTE) and between HGSC and Ovarian 
Surface Epithelium (OSE), to then apply a Functional Genomics approach to 


Normal FT ‘p53 Signature’ Invasive Serous 
Enithelium Carcinoma 


Ki67/MiB1 


Fig. (1). Pathologic features of the fallopian tube (FT) carcinogenesis spectrum. While normal FT epithelium 
contains both ciliated and secretory cells, p53 signature—the proposed precursor lesion— is characterized by 
normal tissue morphology with p53-positive secretory cells harboring DNA damage (H2A.X staining). Tubal 
intraepithelial carcinoma (TIC) shares these features but has acquired a proliferative advantage (increased Ki- 
67/MiB1 staining). Invasive serous carcinoma shows increased proliferation and disruption of the basement 
membrane (Taken from Levanon et al., 2008). 
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study the gene interaction of HGSC in canonical pathways, in-silico activation of 
these pathways, and how chemotherapeutic drugs potentially affect them. We will 
explain step by step the methodology and results, including the datasets selection, 
data filtering and normalization, comparison of the gene expression between the 
samples using a class comparison analysis, validation by immunohistochemistry 
and Functional Genomics Analysis using Ingenuity Pathway Analysis (IPA). 


DATASETS SELECTION 


We downloaded the raw data (CEL files) from GSE10971 and GSE14407 datasets 
(Affymetrix Human Genome U133 Plus 2.0 Array). GSE10971 contains the gene 
expression of 24 laser capture microdissected non-malignant distal Fallopian tube 
epithelium (FTE), as well as 13 high grade serous carcinoma either tubal or 
ovarian in origin, as previously described by Tone et al. [18]. GSE14407 contains 
the gene expression of 12 OSE collected by a Cytobrush® Plus and 12 laser 
capture microdissected HGSC as previously described by Bowen et al. [19]. 


DATA NORMALIZATION AND FILTERING 


The data were normalized using the robust multiarray average method (RMA) and 
a log2-based transformation using the “median” array as a reference array [20]. 
(BrB-ArrayTools v4.3.2). Probes were filtered-out if: 1.- less than 20% of the 
expression data values were at least 1.5 minimum fold-change in either direction 
from the gene’s median value (minimum fold-change filter); 2.- the variance of 
their log-expression values across arrays was in the bottom 50" percentile 
(Variance filter) and 3.- the percentage of missing values exceeded 50%. Gene 
annotations were obtained from Bioconductor packages. Normalized, filtered data 
were stored as Excel® files. Data filtering and normalization yielded 13,756 gene 
probes from GSE10971 dataset and 13,566 gene probes from GSE14407 dataset 
out of the original 54,675, which were subsequently used in Class Comparison 
Analysis. 


CLASS COMPARISON ANALYSIS 


Two-class Significance Analysis of Microarrays (SAM) (1000 permutations [21]; 
Tusher et al. method; median FDR = 0; 90th “%ile FDR < 0.05%) and T-test 
(Welch approximation; 1000 permutations; Adjusted Bonferroni correction; 
p<0.01) were applied to identify differentially expressed gene probes between 
HGSC and FTE and between HGSC and OSE samples. Hierarchical clustering 
(HCL) support trees (re-sampling method: Bootstrap Genes; Iterations: 1000) 
were constructed considering significant gene probes only [22]. (MultiExperiment 
Viewer (MeV)). The comparison of HGSC and FTE (GSE10971) with SAM Fig. 
(2A) identified 2,097 significant probes (15%), 610 (4%) over-expressed in 
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HGSC and 1,487 (11%) over-expressed in FTE. The support tree, constructed 
based on these significantly expressed gene probes, showed distinct clusters of 
HGSC and FTE samples with 100% support (Fig. 2B). In the same way, the 
comparison of HGSC and OSE (GSE14407), indentified 3,052 significant probes 
(23%), 145 (1%) over-expressed in HGSC and 2,907 (21%) in OSE (Fig. 2C). 
The support tree also showed distinct clusters of HGSC and OSE with a 100% of 
support (Fig. 2D). This demonstrated a true biological difference based on gene 
expression profile and a strong correlation with morphology. 
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Fig. (2). (A and C) Significance Analysis of Microarrays (SAM) comparing gene expression profile of 24 
FTE with 13 HGSC (GSE10971), and 12 OSE with 12 HGSC (GSE14407) (90th %ile FDR = 0.08%). Genes 
outside the doted lines in green are significantly over-expressed in FTE and OSE (“negative significant”) 
when compared with HGSC and the ones in red are significantly over-expressed in HGSC (“positive 
significant”) when compared with FTE and OSE. (B and D) Support Trees constructed with significant genes 
previously identified with SAM. In each case, two distinct groups were formed, in B one formed exclusively 
by FTE and the second by HGSC cases and in C, one formed exclusively by OSE and the second by HGSC 
cases; both B and C with a 100% of support. 


Confirmation of Clustering 


In parallel with the above method, we generated Hierarchical Support trees using 
an alternate procedure. This was done to ensure that the significant clusters found 
appeared when different normalization methods were applied. For this procedure 
the data were normalized by RMA and probes were collapsed to their mean value 
for the gene they represent, using the Bioinformatics Toolbox in Matlab 2010b. 
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Again, a 50% variance threshold was applied to the data, as well as lower variance 
thresholds for comparison. Significant differentially expressed genes between 
HGSC and FTE were assessed using the nonparametric Two-Sample Kolmogorov 
Smirnov Test, using the full Bonferroni correction. Trees were then constructed 
using agglomerative HCL with the average Euclidean distance between clusters. 
The same distinct clustering of HGSC vs. FTE and HGSC vs. OSE was also found 
using our second method for confirmation. 


VALIDATION BY IMMUNOHISTOCHEMISTRY 


We chose 5 primary immunohistochemistry (IHC) antibodies available in our 
laboratory routinely used in research and clinical basis to confirm the above- 
mentioned in-silico results. IHC was conducted on formalin-fixed and paraffin- 
embedded whole tissue sections from our own collection from the Pathology 
Department, Icahn School of Medicine at Mount Sinai, corresponding to 19 
HGSC, with adjacent normal fallopian tube, 7 OSE cases as well as 12 fallopian 
tube sections from 6 patients with no history of gynecological neoplasm. Standard 
avidin-biotin protocol was used. Briefly, 54m sections were deparaffinized and 
submitted to antigen retrieval for 20 min in EDTA buffer at pH 8.0. Subsequently, 
slides were incubated in 10% normal serum for 30 min, followed by primary 
antibody incubation overnight at 4°C. Then, slides were incubated with 
biotinylated secondary antibodies at a 1:1000 dilution for 30 min (Vector 
Laboratories, Inc.) followed by avidin-biotin peroxidase complexes at a 1:25 
dilution (Vector Laboratories, Inc.) for 30 min. Diaminobenzidine was used as 
chromogen and hematoxylin as the nuclear counterstain. Primary antibodies used 
in this study included Stathmin rabbit polyclonal (Cell Signaling, cat# 3352), 
PAX-2 rabbit polyclonal (Prestige Antibodies, Sigma, cat# HPA047704), cdc2 
mouse monoclonal (clone POHI, Cell signaling, cat# 9116), VEGF rabbit 
monoclonal (clone EP1176Y, Abcam, cat# ab52917) and PAX8 (clone MRQ-S0, 
Ventana Roche, cat# 7604618). To confirm the sensitivity and specificity of the 
different antibodies, positive and negative controls were run in parallel with the 
cases. Immunoreactivity was scored by determining the percentage of cells that 
displayed a positive immunostain from undetectable (0%) to homogeneous 
expression (100%), as well as the intensity, from negative (0) to high intensity 
(2+) and it was compared with the expression values obtained in the in-silico 
analysis. The expression values and fold changes are summarized in Table 1. 
Comparing FTE and HGSC (GSE10971), CDK1 (CDC2), VEGF-A and 
Stathmin-1 are significantly overexpressed in HGSC compared with FTE; on the 
contrary, PAX2 is significantly overexpressed in FTE compared with HGSC and 
PAX8 is equally expressed in FTE and HGSC. Comparing HGSC and OSE 
(GSE14407), PAX8, CDK1 (CDC2) and VEGF-A are overexpressed in HGSC; 
PAX2 and Stathmin-1 are equally expressed in HGSC and OSE. IHC confirmed 
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overexpression of PAX8 in both HGSC and FTE (adjacent and healthy controls), 
but showed negative reaction in OSE; PAX2 showed strong and diffuse positivity 
in FTE, but negative reaction in HGSC and OSE; despite high expression values 
of VEGF-A in HGSC, IHC was negative in tumor cells and positive in small 
capillaries immediate adjacent to them. Stathmin-1 showed strong and medium 
intensity positivity in HGSC and OSE respectively and it was negative in FTE 
(Fig. (3) and Table 2). These results validate the previous in-silico analysis. 


Table 1. Expression values and fold changes of markers used for protein validation. 


Negative in tumor cells.** Negligible staining.*** Negligible staining.*** 
PAX2 8.47 +/- 13.04 111.77 +/- 65.80 92.44 +/- 53.47 
253.79 +/- 48.86 209.54 +/- 55.71 122.73 +/- 14.12 


* Positive in subepithelial cortical stromal cells 
** Positive in tumor-associated mesenchyme especially vascular endothelial cells 
*** Negative in epithelial cells and adjacent mesenchymal stromal cells and vasculature 


FUNCTIONAL GENOMICS 


Fold change (logged) of significantly differentially expressed gene probes from 
FTE and HGSC groups were loaded into Ingenuity Pathway Analysis (IPA; 
Ingenuity Systems” [23],); a core analysis using IPA default settings and filtering 
parameters was performed; a cut-off or fold change filter was not used at this 
point since it was applied during data normalization. The mapped gene probes 
were analyzed; unmapped and duplicated gene probes were excluded. 
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Fig. (3). Representative immunohistochemistry results of selected markers. Müllerian markers PAX8 and 
PAX2 were positive in both adjacent and control FTE but negative in OSE. PAX8 expression was retained in 
HGSC but PAX2 was lost. VEGF was negative in tumor cells, FTE and OSE and positive in intra-tumoral 
blood vessels. Cdc2 and Stathmin were positive in HGSC and negative in adjacent and control FTE. Cdc2 is 
negative in OSE. Stathmin was positive in OSE and ovarian stroma cells. 


Canonical Pathways 


IPA assigned the significantly differentially expressed genes into canonical 
pathways from the IPA library by two ways: 1.- Right-tailed Fisher’s exact test 
(p< 0.05; Benjamini-Hochberg multiple testing correction was applied) [24] and 
2.- A ratio between the number of genes in a given pathway that meet cut-off 
criteria, divided by the total number of genes that make up that pathway. Core 
analysis identified 23 significant canonical pathways in HGSC, functionally 
related mainly to cell cycle control, DNA strand breaks signaling response, 
genotoxic stress, mismatch repair and also pathways related to specific types of 
tumors like ovary, breast and pancreas. Ovarian Cancer Signaling pathway was 
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not significant, probably because of the stringency of our analysis (Benjamini- 
Hochberg multiple testing correction [24]). 


The most relevant canonical pathway was Cell Cycle: G2/M DNA Damage 
Checkpoint Regulation (p= 1.81E-10; ratio 13/49 (0.265)), represented in Fig. (4); 
over and under-expressed genes/molecules that mapped to the pathway are 
colored in red and green respectively. 
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Fig. (4). Cell Cycle: G2/M DNA Damage Checkpoint Regulation Canonical Pathway. Mapped molecules 
from FTE (green, under-expressed) and HGSC (red, over-expressed) (B). 


The following four canonical pathways were Mitotic Roles of Polo-Like Kinase 
(p= 2.53E-09; ratio 14/74), Estrogen-mediated S-phase Entry (p= 1.41E-08; ratio 
9/28), Cell Cycle Control of Chromosomal Replication (p= 4.65E-08; ratio 9/34) 
and Role of BRCA1 in DNA Damage Response (p= 1.49E-07; ratio 12/71). 


The canonical pathways in FTE were related to metabolic functions such as 
Noradrenaline and Adrenaline Degradation (p= 7.05E-05; ratio 8/53), Serotonin 
Degradation (p= 8.56E-04; ratio 8/78), Dopamine Degradation (p= 1.32E-03; 
ratio 5/38), Pyrimidine Deoxyribonucleotides De Novo Biosynthesis I (p= 2.13E- 
03; ratio 5/44) and Fatty Acid Activation (p= 2.19E-03; ratio 4/19). 


Similarly, when compared with OSE, HGSC canonical pathways were mainly 
related with cell cycle regulation. The five most relevant ones were Cell Cycle: 
G2/M DNA Damage Checkpoint Regulation (p= 2.07E-07; ratio 9/49 (0.184)), 
Mitotic Roles of Polo-Like Kinase (p= 5.73E-07; ratio 10/74 (0.135)), ATM 
Signaling (p= 3.44E-06; ratio 9/66 (0.136)), DNA damage-induced 14-3-3s 
Signaling (p= 3.55E-05; ratio 5/22 (0.227)) and Hereditary Breast Cancer 
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Signaling (p= 1.11E-04; ratio 10/134 (0.075)). 
Molecule Activity Predictor (MAP) 


MAP was applied to show the activation or inhibition of canonical pathways in- 
silico. The tool allows prediction of upstream and/or downstream effects of 
activation or inhibition of molecules in a network or pathway using the mapping 
genes that were included in our input data [25]. As an example, we analyzed the 
most relevant canonical pathway affected in HGSC according to our analysis: 
“Cell Cycle: G2/M DNA Damage Checkpoint Regulation” pathway. MAP 
showed the overall activation of Cdce2-Cyclin B complex mainly by Cdc25B/C 
and CKS1; furthermore, inactivation of p53 dependent genes Reprimo and p21 
was also observed with subsequent loss of their Cdc25 inhibitory effect, 
contributing to its activation. The result of these interactions would be the 
theoretical abolishment of the G2/M DNA damage checkpoint, allowing the cells 
entry to M phase without appropriate DNA repair. On the contrary, in FTE, MAP 
showed activation of p53 dependent genes Reprimo and cyclin-dependent kinase 
inhibitor 1A (p21, Cip1), resulting in the inhibition of cyclin-dependent kinase 1 
(Cdc2). This allowed us to conclude and predict that the delay in the mitotic entry 
from G2 to mitosis (M) is preserved. MAP analysis is showed in Fig. (5). 
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Fig. (5). Molecule activity predictor (MAP) based on mapped molecules, shows in-silico inactivation of p53 
and activation of CdC2-Cyclin B complex, which in turn will activate M phase entry by the cell, abolishing 
the G2/M DNA damage checkpoint regulation. 


Chemotherapeutic Drugs Overlay 


Having identified the pathways and their activation, we explored how known 
chemotherapeutic drugs possibly affect them in-silico and if our findings 
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correlated with literature. Continuing with the analysis of the “Cell Cycle: G2/M 
DNA Damage Checkpoint Regulation” pathway, several chemotherapeutic drugs 
may potentially affect it at different levels; one of the most promising ones is 
Alvocidib (Flavopiridol), which blocks CDC2, theoretically blocking the 
transition of G2 to M phases (Fig. 6). A literature search yielded nine research 
articles showing the effectiveness of Alvocidib in ovarian carcinoma, increasing 
the therapeutic effect or suppressing ovarian cancer cell lines growth [26 - 34]. 
These articles validated our in-silico analysis, which was done blindly and 
following an exploratory approach. 
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Fig. (6). Molecule activity predictor (MAP) and chemotherapeutic drugs overlay. Alvocidib, which blocks 
CDC2, theoretically blocking the transition of G2 to M phases, thus maintaining the G2/M DNA damage 
regulation checkpoint. 


DISCUSSION 


Secondary Analysis of Publicly Available Gene Expression Datasets 


Minimum information about a microarray experiment (MIAME) ensures, as a 
pre-requisite for publication of microarray data, that data supporting published 
conclusions are made available to researchers, rendering their data useful for 
further analyses by others [14, 15]. However in spite of the availability of large, 
responsibly generated datasets to the public, secondary analysis of publically 
available gene expression datasets are rarely performed [16, 35]. We believe that 
secondary analyses are of great importance, not only to validate original analyses’ 
results, but also to respond different questions, generating new hypotheses that 
can be answered in the lab. We showed an example of a secondary analysis to two 
GEO datasets following an exploratory approach. We downloaded and re- 
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analyzed previously published gene expression profile datasets (GSE10971 and 
GSE14407) from a subset of HGSC, FTE and OSE cases. We validated our in- 
silico analysis on tissue samples by immunohistochemistry and then performed a 
Functional Genomics approach using Ingenuity Pathway Analysis (IPA), a next 
generation software not used in the original microarray analyses [18, 19]. 


The original microarray experiments from which these gene expression datasets 
were derived investigated, in one hand, the molecular signatures of FTE of 
BRCA1/2 mutation carriers potentially involved in predisposition to HGSC in the 
increased risk population, giving more and more evidence pointing out FTE as the 
most probable origin [6, 8, 18, 36 - 38] and, on the other hand, the molecular 
signatures of HGSC and OSE supporting the hypothesis that OSE are multipotent 
and capable of serving as the origin of HGSC, but without ruling out the 
possibility of other sources [39]. To test the congruence between the results of our 
analytical approach with the original experimental results, we systematically 
compared our key results with the published ones in the original study. 


We first identified the differentially expressed genes between HGSC and FTE 
samples to perform a HCL support tree based only on these genes. The support 
tree clustered all HGSC samples in one distinct group irrespective of whether they 
presumably were of ovarian or tubal origin as Tone et al. described in their 
original analysis. However, the support tree also showed a distinct cluster of FTE 
samples and none of them clustered with HGSC samples as previously shown by 
Tone et al. [18]. One possible explanation for this discrepancy is the different 
methodological approach used by us, as we performed the HCL using only the 
differentially expressed genes previously identified by SAM. A second 
explanation is the usage of different HCL merging and linkage methods, which 
are not clearly specified by Tone et al. in the original analysis [18]. 


In the same way, we identified differentially expressed genes between HGSC and 
OSE. The HCL support tree showed distinct clusters of HGSC and OSE samples 
as previously shown by Bowen et al.. Our results differ in terms of the number 
and proportion of overexpressed genes in HGSC and OSE when compared to each 
other: 145 and 2,907 respectively, versus 1,210 and 1,110 genes found by Bowen 
et al. [19]. 


Our results were confirmed by a totally independent approach in terms of data 
normalization and filtering. 


Validation by Immunohistochemistry 


In order to validate our in-silico results, we chose five molecules differentially 
expressed in HGSC either compared with FTE or OSE. As shown in the in-silico 
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analysis, immunostains for CDC2 and Stathmin-1 were positive in HGSC and 
negative in FTE. 


Stathminl (STMN1) and CDC2 (CDK1) were shown to be overexpressed by both 
in-silico and IHC tissue validation. STMN1 is a multifunctional ubiquitous 
cytoplasmic phosphoprotein that depolymerizes microtubules, having a critical 
role both in entry and exit of M-phase. It has been described as a potential marker 
of Fallopian tube secretory cell transformation and serous carcinoma initiation, 
being immunohistochemically positive in serous tubal intraepithelial carcinoma 
(STIC) and invasive HGSC, but negative in normal Fallopian tube epithelial 
secretory cells and “p53 signatures” [5, 40]. STMN1 was unexpectedly positive in 
OSE and ovarian stroma, supporting the in-silico findings in which STMN1 was 
not differentially expressed when HGSC and OSE were compared. STMN1 
positivity in OSE has not been previously described and it would be of interest to 
be studied and confirmed in the future. CDC2 is a member of the Ser/Thr protein 
kinase family presenting a catalytic subunit of the M-phase promoting factor 
protein kinase complex, essential for G1/S and G2/M phase transitions of the cell 
cycle. Immunostain positivity for CDC2 and p53 has been described in epithelial 
ovarian cancer and negatively correlated with the expression of p21 [41]. 


Paired box 8 (PAX8) was shown to be overexpressed in HGSC only when 
compared with OSE but not with FTE by our in-silico analysis; nevertheless, IHC 
showed that PAX8 is overexpressed in both HGSC as well as adjacent and normal 
FTE. This gene encodes a member of the paired box (PAX) family of 
transcription factors important in the embryogenesis of the thyroid, Millerian, and 
renal/upper urinary tracts [42]. PAX8 IHC has been used to determine 
gynecologic, kidney or thyroid tumor origin in the routine pathology practice [43]. 
Our results showed that FTE and HGSC but not OSE, are both from miillerian 
origin and HGSC may be derived from a malignant transformation of the 
fallopian tube mucosal epithelial cell. 


Paired box two (PAX2), another member of the paired box (PAX) family of 
transcription factors, was shown to be overexpressed in FTE but neither in HGSC 
nor in OSE (Table 1); these results were confirmed by IHC. PAX2 has been 
shown to be also expressed in müllerian and upper urinary tract but not in thyroid 
or thymus and it could be of utility as a complementary IHC to PAX8 for the 
diagnosis of non-mucinous epithelial ovarian tumors and renal cell carcinomas 
[44]. Nevertheless, in a review from Ordonez et al., only 63 (48%) of 132 primary 
and 11 (40%) of 28 metastatic serous carcinomas were reported to be PAX2 
positive [44]. 


Finally, our in-silico analysis showed VEGF to be overexpressed in HGSC when 
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compared to FTE and OSE, but IHC was negative in tumor cells and positive in 
small capillaries immediate adjacent to them. VEGF-A is a member of the 
PDGF/VEGF growth factor family that induces proliferation and migration of 
vascular endothelial cells, and is essential for both physiological and pathological 
angiogenesis [45]. 


Functional Genomics 


To gain further insights into the molecular genetic basis of the discriminatory 
power of HGSC and to better understand the interaction of the genes 
differentiating HGSC, FTE and OSE, we performed pathway/network enrichment 
analysis using the Ingenuity Pathway Analysis knowledge base to map the genes 
into canonical pathways and biological networks without bias. Not surprisingly, 
canonical pathways related to HGSC are those involving cell cycle regulation, 
which are expected to be affected in cancer. On the other hand, this also validates 
our in-silico analysis gene-cancer-related segregation. The IPA software is a web- 
delivered application that takes a set of genes as input and dynamically enriches a 
set of pathways and networks stored in a repository of expertly curated biological 
interactions and functional annotations created from millions of individually 
modeled relationships between proteins, genes, complexes, cells, tissues, drugs, 
and diseases [46] (The Ingenuity Knowledge Base; http://www.ingenuity.com/ 
products/ireport), describes their inter-relationships and possible biological 
relevance [47]. This powerful tool gives us the opportunity to explore our data at 
the level of gene interaction in canonical pathways, biological networks, bio- 
functions and chemotherapeutic drug overlay that may generate new hypothesis to 
be tested in the lab or find key interaction points that could potentially be 
molecular targets for new treatments and translational research. 


Weaknesses and Future Challenges 


One of the main weaknesses of our analysis is the low number of cases in the 
datasets; thus, incorporation of more cases is critical. One possible solution is 
combining different datasets, but in order to do this, data must be further 
processed to eliminate non-biological differences or batch-effect. There are 
anecdotal reports of clusters being found that separate data based on the hospital 
in which the sample was collected, the technician who ran the microarray assay, 
or the day of the week on which the array was run. Unnecessary variability must 
be minimized and biological signal must be filtered from the noise [48]. Since we 
are working with publicly available data obtained by others, we cannot manage 
the conditions in which the experiments were performed, thus batch effect must 
be corrected using computational softwares (e.g. “R”, Mathlab"). However, 
discussion on the detail of batch effect correction is beyond the scope of this 
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chapter. 


CONCLUSION 


Nowadays, the new era of personalized medicine requires the identification of 
therapeutic targets and early detection biomarkers coupling in-silico analysis with 
high-throughput genomic technology. We believe that a secondary in-silico 
analysis of gene expression microarray databases available in public data 
repositories is one feasible approach to better understand gene-biopathway 
interplay. Secondary analyses are crucial for validating original results and for 
generating new hypotheses that can be answered in the lab. Minimum information 
about a microarray experiment (MIAME) ensures that data supporting published 
conclusions are made available to researchers, rendering their data useful for 
secondary analyses by others. However, in spite of the availability of large, 
responsibly generated datasets to the public, secondary analysis of publically 
available gene expression datasets are rarely performed. Here we showed an 
example of a secondary analysis of previously published gene expression profile 
GEO datasets (GSE10971 and GSE14407) from a subset of HGSC, FaTubEp and 
OSE cases, validating our results on tissue samples by immunohistochemistry and 
adding a pathway/network enrichment analysis using Ingenuity Pathway Analysis 
(IPA), a next generation software not used in the original microarray analyses. 
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CHAPTER 5 


Psychological Aspects of Ovarian Cancer Healing 
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Medicine at Mount Sinai, USA 


Abstract: This chapter explores the psychological aspects of healing from ovarian 
cancer. Topics discussed include: i) psychological status of the patient - those with 
psychiatric disorders and those with secondary anxiety or depression arising after the 
diagnosis of cancer, ii) communication — how much and when to communicate, iii) 
psychological distress and demoralization, iv) complicating factors including loss of 
fertility, pain, fatigue and cosmetic concerns, v) caregiver burnout, vi) treatments 
including: depression, anxiety and talk therapy, vii) end-of-life issues including 
palliative and hospice care, and aid-in-dying. 


Keywords: Aid in dying, Anxiety, Caregiver burnout, Depression, Distress, 
Demoralization, End of life, Fatigue, Fertility, Hospice, Psychiatric, Pain, 
Palliative care, Talk therapy. 


INTRODUCTION 


Cancer is the second leading cause of death in the United States. In 2016, 
1,685,210 patients received a new cancer diagnosis and 595,690 died of the 
disease [1]. More than fourteen million Americans currently carry such a 
diagnosis, living in various stages of illness, treatment and recovery [1]. In 
addition to its taxing physical burden, the disease takes a considerable 
psychological toll both on patients, their loved ones and their caregivers. 
Gynecological malignancies share many of the emotional and psychiatric sequelae 
of other neoplasms, but also raise distinctive mental health concerns. Fears related 
to prognosis and suffering, common in many cancer diagnoses, may be 
compounded by specific, gender-based questions in the areas of fertility, 
appearance and sexual relations. Ovarian cancer, with 21,161 new diagnoses and 
14,195 deaths in the United States in 2014, causes the most loss of life among 
gynecological cancers [2]. Only the tenth leading cause of cancer, but the fifth 
leading cause of death, its relative infrequency and relatively high lethality raise 
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issues less likely to arise in the treatment of more common and more easily 
treatable forms of cancer. Patients often face “aggressive abdominal surgeries, 
multiple chemotherapy regimens and relatively poor survival rates,” as well as a 
high likelihood of recurrent disease, all of which prove emotionally wearing [3]. 
At the same time, the survival rate for epithelial ovarian cancer—it is most 
common form—now exceeds thirty percent at ten years, so a subset of women 
will experience the psychological symptoms of long-term cancer patients [4]. 


Unfortunately, limited data are available on the relationship between mental 
health and gynecological cancers. Women have historically been 
underrepresented as subjects of clinical research [5 - 8]. Minority women have a 
particularly poor record of representation [9, 10]. Research funding for ovarian, 
uterine and uterine cervix cancers lags behind expenditures for other forms of 
cancer [11, 12]. Psychological morbidity in ovarian cancer, including depression 
and anxiety, has been significantly understudied [13, 14]. However, what data are 
available-much of which comes from assessments of specific mental health 
symptoms—strongly suggests significant levels of psychological distress among 
ovarian cancer patients. Cancer patients more generally exhibit higher rates of 
anxiety disorders and depressive disorders than the at-large population [15, 16]. It 
is extremely likely that ovarian cancer patients do so as well. Assessing for 
psychological distress should be part of any effective treatment plan. Higher rates 
of psychological symptoms and psychiatric illness among patients affected by 
ovarian cancer argue for initial screenings at time of diagnosis and routine mental 
health assessments during the course of care [15]. 


Abbas and Sert advocate for a holistic approach to assessing the effectiveness of 
ovarian cancer therapies, contending there is “more to treatment of the disease 
than the disease itself’ [17]. At a minimum, healthcare providers should be 
screening for psychiatric symptoms and referring patients with significant clinical 
distress to appropriate resources including psychiatrists, psychotherapists, and 
group therapy programs, as indicated. 


Clinical Settings 


Clinicians are likely to encounter patients suffering from ovarian cancer in 
varying settings. Initial diagnosis may occur either in the outpatient 
setting—either a private office or clinic—or after hospitalization for symptoms. 
Surgical recovery will require inpatient hospitalization and many patients return 
to the hospital during the course of chemotherapy or for worsening symptom of 
disease. In those patients whose disease ultimately progresses, patients may elect 
for palliative options including relocation to a hospice center or home-based 
hospice care. Each of these settings may require specialized approaches and skills, 
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as well as support from trained mental health professionals. Patients suffering 
from significant psychological distress or psychiatric disorders in the inpatient 
setting should generally be followed by the hospital’s consult-liaison service or 
psychiatrists trained in psychosocial medicine or psycho-oncology. Increasingly, 
tertiary cancer centers and outpatient clinics are including psychiatrists on their 
care teams. When such integrated care is not available, patients with psychiatric 
or psychological needs should be referred to an outpatient mental health provider. 
With the patient’s permission, oncologists should remain in close contact with 
that outside psychiatrist or psychologist to ensure unified care and to prevent 
confusion over medications, including contraindications, and medication-induced 
side effects that may be mistaken for either medical or psychiatric symptoms. 


Types of Patients 


Psychiatric disorders in patients with ovarian cancer will fall into two distinct 
varieties with their own specific sets of treatment needs. One group of patients 
will carry a significant psychiatric diagnosis prior to their cancer diagnosis, such 
as the woman with schizophrenia or bipolar disorder who later presents with 
ovarian cancer. Another subset of patients will receive a psychiatric diagnosis 
(usually adjustment disorder, anxiety, depression or even PTSD) subsequent to 
their cancer diagnosis for symptoms arising after they have learned that they have 
cancer. A considerable gray area between these two phenomena also exists: Some 
patients who exhibit only mild psychological distress at baseline—such as 
chronic, low-level anxiety or frequent depressive moods—may develop full- 
blown clinical psychiatric disorders as a result of a cancer diagnosis and 
subsequent treatment. 


Each of these groups of patients require psychiatric care specifically attuned to 
their conditions. For patients with pre-existing psychiatric comorbidities, finding 
ways to continue with existing mental health treatment is essential. These patients 
and their loved ones may raise concerns about cancer therapies interacting with 
psychotropic drugs or cancer symptoms impeding access to therapy programs. 
Newly diagnosed patients may fear the stigma of mental illness and may resist 
both diagnosis and treatment. Even patients who are accepting of their diagnosis 
and prognosis will often raise questions about the duration of mental health 
treatment. Some of these patients, if pharmacological treatment proves effective, 
will then discontinue medications on their own and relapse. Emphasizing to 
patients with a new diagnosis that they are not “crazy” and that psychological 
stress is a natural—if treatable—aspect of most serious medical illnesses may 
prove reassuring. 
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The assessment of a patient’s ability to consent to proposed interventions and 
therapies is a crucial aspect of ethical medical care and is a frequent concern in 
older cancer patients [18]. Since protecting autonomy is often an essential aspect 
of maintaining a patient’s psychological wellbeing, the right to make medical 
decisions should only be impinged upon after systematic, formal evaluation. 
States vary as to whether such assessment must be done by a psychiatrist or can 
be performed by any licensed physician. Capacity issues often arise in the context 
of psychological distress or full-blown mental illness. Some general principles 
worth noting are 1) that capacity is specific to any individual medical decision, so 
a patient may have capacity to consent to one procedure (a blood draw) but not 
another (ablative surgery) and 2) that capacity may evolve over time and should 
be evaluated in as close chronological proximity to the proposed intervention as 
possible. The standard method for assessing decisional capacity in the United 
States is derived from a seminal article by Appelbaum and Grisso that outlines 
four criteria [19]: 1) communicating a clear, consistent choice; 2) understanding 
relevant information such as diagnosis and prognosis; 3) appreciating the current 
medical situation, including the risks and potential benefits of any proposed 
interventions (or the failure to intervene); and 4) an ability to rationally 
manipulate information [19]. Patients must meet all four criteria to make their 
own decisions. Another model, which may be used alongside Appelbaum and 
Grisso’s, argues for a “sliding scale” in which the level of scrutiny imposed is 
determined by two factors: 1) whether the decision is high or low risk and 2) 
whether it comports with widely accepted medical practice [19]. So a patient who 
accepts having her vital signs measured in the morning will receive a low level of 
scrutiny regarding her capacity, while a patient who refuses a diagnostic biopsy of 
a potentially life-threatening tumor will face more scrutiny when determining her 
capacity to render a decision. When assessing capacity, providers should inform 
the patient that this is a part of regular hospital protocol so that the patient does 
not feel singled out and physician-patient trust is not undermined. If the patient’s 
capacity is uncertain, repeat evaluation is indicated [20]. In the absence of 
capacity, providers should turn to the appropriate advance directive (e.g. living 
will, health care proxy) or statutorily-authorized third-party decision maker (e.g. 
surrogate, next of kin) for further guidance. Occasionally, usually in the absence 
of such guidance, a court order may be necessary to pursue diagnosis or treatment. 
Yet even patients who lack formal capacity often have an active role to play in 
shaping their own care. To the utmost degree possible, they should be kept 
informed about medical decisions and their affirmative assent should be obtained. 
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Women have reported finding communication with health care professionals 
during the diagnostic interval between the appearance of symptoms and a 
confirmatory diagnosis to be “confusing and difficult” [19]. When discussing 
treatment, it is essential to clarify the goals of a particular intervention—whether 
palliative or curative [21]. This will reduce both misunderstanding and the 
prospect for unnecessary disappointment; such clarity is also likely to foster trust 
and improve the provider-patient bond. Included in any discussion of both illness 
and treatment should be a clear discussion of survival information [22]. Honest 
disclosure of prognosis is essential to maintain autonomy in patient decision- 
making and to avoid paternalistic interference that may leave the patient feeling 
ignored or betrayed [22]. However, care should also be taken not to undermine the 
patient’s optimism or to crush her hopes. Faith—even faith in “miracles” or 
statistically unlikely occurrences—can be of significant psychological value to 
some patients [22]. Denial, if it does not considerably impede care, can also prove 
psychologically protective. 


One particularly challenging scenario that occasionally arises is a request by a 
close family member not to communicate all pertinent information to a patient 
because of an expressed belief that the patient would not want to know [23, 24]. 
Relatives may seek to withhold a cancer diagnosis, the severity of the disease, or 
its prognosis. As a general rule, such requests should not be honored without clear 
evidence that these were the patient’s wishes [25]. However, in cases where the 
patient’s cultural or religious values may differ significantly from the American 
norm—such as an elderly, recent immigrant—oblique means may be used to 
ascertain the patient’s underlying preferences [26]. For obvious reasons, a 
provider should not ask the patient: “If you had cancer, would you want to 
know?” (The question conveys the answer—much like asking one’s spouse, “If I 
were having an extramarital affair, would you want me to tell you?”) Instead, a 
provider might ask the patient what caused the deaths of each of her deceased 
relatives, ideally until the patients mentions deaths from cancer, and whether the 
those relatives were told of their conditions. If a patient responds by saying, “Of 
course we didn’t tell her she had cancer,” that may provide enough circumstantial 
evidence to withhold information. Whether or not revealing the diagnosis is 
necessary for the patient to make future medical decisions is also a relevant factor. 
A patient with untreatable disease, for example, might not require the same detail 
of information as one who must choose between various therapies. On the other 
hand, prognosis may be relevant to patient’s non-medical decisions, such as 
whether to write a will or how to allocate time between work and family. These 
cases often require the involvement of a hospital’s ethics consultant or ethics 
committee. 
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PSYCHIATRIC CONDITIONS 


Psychiatric symptoms may arise as a result of medical symptoms that precede the 
diagnosis of cancer or may follow diagnosis [27]. S. A. Payne reports that depres- 
sion and anxiety are the most significant determinants in subjective quality of life 
among advanced breast and ovarian cancer patients [28]. A striking 82% of 
variance in quality of life was attributable to anxiety and another 10% to 
depression [29]. Abbas and Sert argue that “social wellbeing and comfort” are a 
crucial part of any assessment of the efficacy and cost effectiveness or treatment 
in ovarian cancer [17]. Poor social support and intrusive thoughts have been 
linked to increased psychiatric illness, and Hipkins et al. found that these factors 
appear to play a larger role than physical symptoms in predicting psychiatric 
morbidity [30]. Similarly, Ersek et al. did not find a direct connection between 
physical symptoms and overall quality of life, while noting that fatigue remains a 
major concern of many patients [23]. However, Borduka-Bevers et al. reported 
that higher rates of depression and anxiety coincided with poor medical 
performance [3]. Norton, Mann et al. found that perceived levels of control and 
self-esteem were significantly correlated with psychological distress in ovarian 
cancer patients [31]. 


Assessments of the frequency of psychological distress in ovarian cancer patients 
vary widely. For example, Kornblith et al. found that one third of such patients 
reported significant psychological distress [32]. Yet the percentage who reported 
specific symptoms of distress proved far higher. Seventy-two percent reported 
worrying, 64% feeling sad, 62% feeling nervous, and 46% feeling irritable, while 
a majority (55%) described their worrying as moderate to severe and one in four 
reported that it caused them quite a bit of distress [32]. One challenge in studying 
psychiatric illness in cancer is that many sub-clinical symptoms may not trigger 
DSM diagnoses, yet they still contribute significantly to patient distress. Wide 
ranging estimates on the prevalence of depression and anxiety may stem from the 
failure of studies to distinguish between symptoms and full-blown disorders that 
meet the criteria of the Diagnostic Statistical Manual (DSM) [32]. Adjustment 
disorders—a DSM-V diagnosis that requires symptoms to arise within three 
months of a psychological stressor—are common in cancer patients [33]. 
However, the diagnosis is poorly studied and highly controversial [34]. 
Distinguishing appropriate, short-term reactions to negative social stressors from 
serious disorders like major depressive disorder (MDD) or generalized anxiety 
disorder (GAD) can prove challenging in the setting of a recent cancer diagnosis. 
Sellick and Crook observe saliently that, “Many individuals have symptoms of 
depression that do not meet the criteria for MDD or even Dysthymic Disorder for 
that matter, and yet suffer tremendously, often in silence and without intervention. 
These people cannot be forgotten” [35]. 
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Another challenge reflects the reluctance of some patients to report their 
psychological symptoms to physicians [36, 37]. A comparison of patient’s self- 
reported symptoms with those documented in medical charts found that only 31% 
of cases of depression and 14% of anxiety were recorded, suggesting that patients 
are withholding reports of these symptoms from their providers [38]. Patients may 
not wish to be perceived as complaining or ungrateful, or may not want to bother 
their oncologists. Finally, the DSM may prove a poor tool for measuring distress 
levels in ovarian cancer patients, as changes in appetite, decreased libido, poor 
sleep and fatigue are features of both the underlying illness and potential 
psychiatric disorders [39]. 


Depression 


Cancer diagnoses are significantly associated with elevated rates of clinical 
depression [40, 41]. Neuroendocrine receptors tied to depression have been 
implicated in the disease progression of ovarian cancer [42, 43]. Lutgendorf et al. 
found that patients reporting higher depressive symptoms and less social support 
show higher concentrations of intra-tumor norepinephrine and increased activity 
of several beta-adrenergic transcription pathways, suggesting a link between 
psychosocial status and the spread of disease [44]. Huang et al., using data from 
the Nurses’ Health Study and Nurses’ Health Study II, found evidence that 
depression itself may be a risk factor for ovarian cancer, with evidence of clinical 
depression 2-4 years before a cancer diagnosis most predictive of a future ovarian 
cancer diagnosis [45]. Such findings are consistent with the view that 
psychosocial stress may play a role in promoting the disease [45]. 


Limited data available for ovarian cancer patients suggests higher rates of 
depressive symptoms—and presumably, clinical depressive disorders—than 
encountered in healthy populations. Borduka-Bevers et al. found that 21% of 
patients recorded depression scores above 16 on the Center for Epidemiological 
Studies-Depression (CES-D) scale, a good screening cut-off for a likelihood of 
clinical depression [3]. Portenoy et al. found that 70% of ovarian cancer patients 
evaluated on the Memorial System Assessment Scale reported “sadness” [46]. A 
study by Mielcarek et al. of 106 patients in Poland with advanced ovarian cancer 
reported a prevalence of 20.8% for clinical depression (measured by the Hospital 
and Anxiety Depression Scale) prior to surgery [16]. Rates of depression were 
significantly associated directly with a past history of abortion and with elevated 
levels of tumor marker Ca125 after surgery but before a second course of adjuvant 
chemotherapy, and inversely with the number of previous deliveries [16]. No 
correlation was associated with marital status, social status, education level, age, 
presence of residual disease after surgery, intestinal stoma, blood transfusion, time 
since diagnosis, FIGO stage, or length of post-surgical hospital stay [16]. 


Psychological Aspects of Ovarian Cancer Ovarian Cancer — Challenges and Innovations 155 


Borduka-Bevers reported younger patients are more likely to be depressed than 
older patients [3]. Certain chemotherapy agents have been tied to depression, and 
there is at least one case report of suicidality highly correlated to a regimen of 
paclitaxel and carboplatin for ovarian cancer [47]. Overall prevalence rates for 
depression in ovarian cancer patients, according to a meta-analysis by Watts et al. 
were 25.34% prior to undergoing cancer treatment, 22.99% for patients currently 
undergoing treatment, and 12.71% for those who had completed treatment [48]. 


These higher rates of depression appear to endure through the course of the 
illness. They do abate with time for a subset of patients. Hipkins et al. found that 
33% of patients reported depression at the conclusion of chemotherapy, this 
number decreased to 19% at three month follow-up [30]. In contrast, Mielcarek 
found some fluctuation in rates of depression over the course of treatment in 
advanced cancer patients, but no consistent trend [16]. 


Anxiety 


Anxiety is a very common psychological sequela of both cancer diagnosis and 
treatment, frequently rising to levels of clinical concern. Anxiety appears to occur 
at higher rates than depression in cancer patients [49]. Distinguishing between 
adjustment disorders secondary to diagnosis and full-blown anxiety disorders may 
prove challenging in retrospect, but both are likely widespread and significantly 
elevated over rates in the general population. Sukegawa et al. reported high levels 
of adjustment disorders (33.3%) in patients awaiting surgery for ovarian cancer 
[49]. Portenoy et al. found that 72% of ovarian cancer patients evaluated on the 
Memorial System Assessment Scale complained of “worrying” [46]. Borduka- 
Bevers et al. found that 29% of patients reported anxiety scores above the 75" 
percentile on the Spielberger State-Trait Anxiety Inventory [3]. Mielcarek et al. 
report significant anxiety in 48.1% of ovarian cancer patients at time of diagnosis 
[16]. Overall prevalence rates for anxiety in ovarian cancer patients, according to 
a meta-analysis by Watts et al., were 19.12% prior to undergoing cancer 
treatment, 26.23% for patients currently undergoing treatment, and 27.09% for 
those who had completed treatment [48]. 


One exception to the general pattern of higher rates of anxiety than depression are 
those patients who have terminal prognoses, who appear to suffer higher rates of 
depression than anxiety [48]. Unlike depression, anxiety appears to ameliorate 
considerably with the passage of time [29]. Mielcarek et al. identified three likely 
causes for anxiety at time of diagnosis: fears related to the disease itself (such as 
disability and death), concerns related to the potential for long term treatment, and 
the prospect of impending surgery [16]. Serum levels of the tumor marker CA- 
125 become a source of obsessive anxiety in some patients [50]. Fitch et al. 
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surveyed 315 Canadian ovarian cancer patients and found that among those over 
sixty-one, 45% reported fears of recurrence [51]. Among women under forty-five, 
64% reported a significant fear of recurrence [52]. Hipkins et al. found that 38% 
of patients reported anxiety at the conclusion of chemotherapy, and that this 
number increased to 47% at three month follow-up; this increase contrasted with 
cases of depression, which saw a decline over time [30]. Borduka-Bevers et al. 
found that those patients who require bed rest experience considerably higher 
levels of anxiety than those who do not [3]. 


Other Psychiatric Conditions 


Cancer patients report significant rates of post-traumatic stress disorder (PTSD). 
Limited data suggests that this is true of ovarian cancer patients. Matulonis et al. 
reported that 26% of such patients met the clinical criteria for PTSD [53]. A 
prospective study by Goncalves et al., measuring PTSD symptoms at four time 
intervals following diagnosis, found a prevalence as high as 45% for all patients; 
13% of patients reported PTSD at all four assessments, and only 30% never 
qualified for a diagnosis of PTSD [54]. Younger age and previous use of 
antidepressants were predictive of future PTSD diagnosis [54]. Patients will often 
report hyperarousal including irritability, poor sleep and excessive vigilance; 
nightmares or feelings of reliving trauma; avoidance of situations related to their 
diagnosis or treatment; and pervasive, often intrusive negative thoughts. However, 
many of these symptoms are shared by a diagnosis of MDD, requiring careful 
application of diagnostic criteria prior to treatment. 


Mania is not generally associated with most neoplasms. As a result, the most 
likely cause of new-onset manic or hypomanic symptoms in cancer patients is 
medication-related, with corticosteroids being the most frequent culprit. Although 
steroids are not a core component of chemotherapy treatment for ovarian cancer 
patients, as they often are for those with lymphoma or myeloma, they are 
commonly used to address side effects including nausea. They are sometimes a 
key component of palliative care as well. The presence of corticosteroid-induced 
delirious mania or “steroid psychosis” is poorly studied, especially in cancer 
patients, and predictive factors are largely unknown [55, 56]. A dose-response 
curve is reported, with significantly higher risk at doses equivalent to 40 mg/day 
of prednisone or above [57]. One to two weeks of steroid treatment usually 
precede psychiatric phenomena [58]. Screening for symptoms in patients 
receiving more than 40 mg/day of prednisone daily should be part of any care 
regimen. While the best course of treatment remains unsettled, tapering the 
corticosteroids, when possible, is preferred management. Both antipsychotics and 
mood stabilizers have demonstrated efficacy in some instances [59, 60]. 
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Demoralization had recently received considerable attention as a phenomenon in 
medical and psychiatric care. The demoralized patient loses her sense of efficacy 
[61]. It is a distinct condition from depression. Mehnart et al. studied 516 patients 
with advanced cancer and found that between 16% and 39% were seriously 
demoralized and 73% demonstrated moderate levels of demoralization [62]. Yet 
their key finding was that between 5% and 20% of patients who were seriously 
demoralized were not clinically depressed; that percentage rose to 60% among 
patients with moderate levels of demoralization [62]. In addition to demorali- 
zation, many patients often suffer existential concerns or crises as a result of a 
cancer diagnosis or prognosis. While these episodes may not manifest any formal 
psychiatric symptoms, they can none the less prove highly distressing as the 
patient confronts her own mortality, rethinks her life choices, or renegotiates her 
place in the world. As ovarian cancers often run in families, patients may 
experience guilt if they fear they have passed their condition on to their daughters 
[63]. Other patients may regret not having chosen prophylactic oophorectomy for 
themselves [23]. Since surgery is ablative, sense of self and feelings of 
attractiveness play a role in women’s psychological distress [63]. All of these 
conditions require the care team to work with the patient to tap into appropriate 
social supports, which may range from group therapy to consultation with the 
chaplaincy, depending on the particular needs, background and wishes of 
individual patients. 


Delirium 


Cancer patients are at high risk of psychosocial stress, but they are also at high 
risk of delirium and other organic disorders of cognition [23]. The former often 
mimic the latter, and misdiagnosing organic illness as psychiatric may place the 
patient in severe jeopardy [64]. Hypoactive delirium, for example, may look like 
depression—but the two are treated differently [65]. To the untrained eye, agitated 
delirium may appear to be an anxiety disorder. Regular delirium screening should 
be a part of the evaluation of all hospitalized cancer patients [66]. Distinctive 
features of delirium are its waxing and waning quality, poor attention and 
concentration, and disorientation leading to short term memory impairment. Often 
asking a patient who is cognitively intact at baseline to say the months of the year 
backwards is a good bedside test and failure is sufficient evidence to generate a 
high suspicion of delirium. In cancer patients, treatment with opioids, 
benzodiazepines and steroids has been associated with higher levels of delirium 
[67]. Chemotherapy agents are also implicated. Low dose antipsychotics, rather 
than antidepressants or anxiolytics, are usually the treatment of choice. Most 
important, delirium is a syndrome that usually reflects underlying medication 
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problems, such as infection or even organ failure, so further diagnostic workup is 
always indicated. 


COMPLICATING FACTORS 


Loss of Fertility 


While the median age of diagnosis for ovarian cancers is roughly sixty years, five 
percent of diagnoses occur in women under thirty [68]. By ages 35-39, the 
incidence is 8.89 per 100,000 women and rises to 13.16 per 100,000 by ages 40- 
44 [69]. 9.9% of confirmed malignancies and 30.8% of borderline cases are found 
in women under forty [70]. For these patients, preservation of fertility may be a 
significant goal of treatment, while the loss of fertility may risk poor 
psychological outcomes. Options available to surgical patients with epithelial 
ovarian cancers often include “radical” treatments that are not fertility sparing 
(e.g. total abdominal hysterectomy or bilateral salpingo-oopherectomy) or 
conservative, fertility sparing operations [71]. Duffy and Allen observe that, 
“Even for persons who may have not planned to have children, the threat of 
infertility can result in a deep sense of loss and anger” [72]. Infertility is 
significantly associated with depression in the general population—both among 
women seeking medical advice and those who do not [73]. Domar et al. found 
that psychological distress, as measured by depression and anxiety, was similar in 
infertile women as in women who had suffered significant cardiac events or were 
battling cancer [74]. Canada and Stover report increased levels of fertility-related 
distress and intrusive thoughts among patients whose childbearing plans were 
interrupted by cancer [75]. A survey of Canadian women under 45 years by Fitch 
et al. found more than a third reported concerns over fertility to be a significant 
problem [52]. However, data specific to ovarian cancer is limited. Zagnolo et al. 
reported that women treated conservatively for ovarian cancer experienced 
increased psychological risk if they had fertility concerns, independent of whether 
they already had offspring [76]. Interestingly, Biselling et al. found no significant 
differences in levels of depression or anxiety among patients undergoing radical 
or conservative treatments. Biselling et al. also reported those patients receiving 
fertility-sparing surgery required more additional operations, suggesting that they 
may have deferred more radical interventions, likely at some risk, until family 
planning was complete [71]. 


Strong evidence suggests that both men and women wish for their providers to 
discuss with them the implications of both disease and treatment upon fertility 
[72]. Providers make a mistake in assuming that when fertility sparing poses a 
significant risk to maternal life or health, patients do not wish to engage in 
meaningful dialogue on the subject. Some providers may also be reluctant to 
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discuss fertility implications with lesbians or same-sex female couples, based 
upon the false belief that these individuals do not wish to be informed [77]. Often 
overlooked is the physical location of treatment in the hospital setting, as patients 
with ovarian cancer are frequently treated on obstetrics and gynecology floors in 
close proximity to the mothers of newborns, creating a potential source of 
additional stress [77]. Premature menopause is also likely to be a serious concern 
for some patients [52]. At a minimum, providers should query all patients 
regarding their fertility concerns and discuss in greater depth the risks and 
treatment options for those who express interest in future childbearing. The rise of 
later-life motherhood as a result of artificial reproductive technologies suggest 
that even women in their fifties or older may wish to engage in such discussion. 


Pain 


Pain is the most distressing symptom for patients with advanced gynecological 
cancers [78]. In addition to actual pain, the fear of uncontrolled pain or future pain 
is likely to prove a significant stressor in its own right. Eight-five percent of 
women with advanced ovarian cancer reported pain during the final six months of 
life [79]. Portenoy et al. found that among women undergoing treatment for stage 
II or IV ovarian cancer, 68% reported pain interfered with daily activities, 62% 
with mood, 62% with work and 61% with “overall enjoyment of life” [46]. 
Providers remain widely ill-informed about analgesic tolerance, especially in the 
elderly, and a sizeable number still falsely believe that pain is an inevitable aspect 
of the final stages of terminal cancer [80]. 


Screening for pain should be a standard part of each clinical visit. Treatment 
should adopt a ladder-based approach: starting with non-opioid analgesics (such 
as acetaminophen and NSAIDS), progressing to weak opioids and then to stronger 
opioid-based medications. Provision should always be made for breakthrough 
pain. Referral to either palliative care services or a pain specialist is essential to 
help manage significant pain. 


Fatigue 


Fatigue is among the most significant concerns of women with an ovarian cancer 
diagnosis in both the pre- and post-diagnosis settings [81]. Prevalence rates for 
fatigue in cancer patients range from 61-90% [82]. Yet patients tend to 
underreport fatigue symptoms to their providers [83]. While oncologists believe 
that pain affects their patients to a greater degree than fatigue, Vogelzang et al. 
reported that patients themselves reported being affected by fatigue more than 
pain [84]. Vogelzang et al. also found that only 27% of patients reported that their 
providers offered any treatment or therapeutic guidance for fatigue [84]. Both 
patients and providers appear under-informed with regard to the treatment options 
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for fatigue [84]. Screening for fatigue should be a standard part of each clinical 
visit. 


The first step in addressing cancer-related fatigue is identifying the source [82]. 
Common causes of fatigue other than cancer should be ruled out including anemia 
and depression. Sleep hygiene should be emphasized. Some patients may benefit 
from the prescription of a stimulant like methylphenidate (Ritalin) or modafinil 
[85]. 


Cosmetic Issues 


The treatment of ovarian cancer often involves both ablative surgery and 
chemotherapy, each of which may have significant impacts on self-image. 
Premature menopause associated with surgery may lead to significant doubts 
about self-identify, femininity and perceived attractiveness. Chemotherapy often 
results in hair loss, changes to skin and nails, and significant weight reduction. 
The underlying cancer may also cause fluctuations in appetite or sleep that results 
in significant changes to bodyweight. Kamlesh et al. report increased frequency of 
poor body image in women with gynecological cancers [86]. Interest in sex also 
decreases, although whether this relates to sense of self or physical symptoms or 
both remains unclear [86]. 


Caregivers 


The relationship between patients and their primary caregivers is a crucial aspect 
of patient wellbeing. Strong social support is highly correlated with higher quality 
of life. The presence of an active caregiver may also facilitate compliance with 
medical care. Most caregivers assume the role unexpectedly and with limited 
preparation [87]. Caregivers report higher rates of depression and anxiety than the 
general population with anxiety levels among caregivers even higher than those 
suffered by patients [87]. Rates of distress are higher among spouses and partners 
than children and other caregivers [88]. At the same time, Fitch et al. reported that 
a majority of surveyed ovarian cancer patients over sixty-one reported a positive 
impact of the illness on their relationships with friends and family [51]. Yet while 
caregivers may feel privileged to look after their loved ones, they may also feel 
overwhelmed by the practical disruptions and burdens this care imposes [51]. 
What is clear is that the impact of her disease on her caregivers often plays a 
significant role in a patient’s own considerations and distress. Older patients with 
gynecological cancers report the welfare of their partners to be a serious concern 
[87]. 


Caregiver burnout is a phenomenon that has received increased attention in both 
academic literature and the public consciousness in the past several decades [89]. 
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Successful psychosocial management of cancer patients often necessitates 
attention to the psychosocial needs of caregivers. When appropriate, support 
groups can provide valuable benefits to caregivers. Respite, either in a formal 
setting or through the rotation of care, may prove necessary to rejuvenate primary 
care givers and renew social supports. Rather than ancillary aspects of treatment, 
these concerns are central to the wellbeing of nearly all patients. 


TREATMENT 


Anxiety and depression should not be viewed as inevitable consequences of 
cancer, even at its advanced stages [87]. Patients suffering from psychiatric 
illnesses related to cancer now have a wide range of treatment options readily 
available to them. These include antidepressants (e.g. selective serotonin reuptake 
inhibitors, selective norepinephrine reuptake inhibitors, tricyclics, and monoamine 
oxidase inhibitors), anxiolytics (both benzodiazepines and non-benzodiazepines) 
and off-label uses of second-generation antipsychotics. In addition, multiple 
modalities of therapy and psychosocial support have been shown to improve 
wellbeing and quality of life [29]. Any effective treatment plan should begin with 
management of symptoms stemming from the underlying cancer and side effects 
stemming from cancer treatment. Relief from pain, fatigue, nausea and similar 
stressors may reduce the need for pharmacological interventions. 


Pharmacological Treatment - Depression 


While numerous pharmacological treatment options exist for depression, no 
evidence categorically favors one medication over others. According to the 
Supportive Care Guidelines Group of Cancer Care Ontario’s Program in 
Evidence-Based Care, “Current evidence does not support the relative superiority 
of one pharmacologic treatment over another, nor the superiority of pharma- 
cologic treatment over psychosocial interventions” [90]. The SSRIs citalopram, 
escitalopram and sertraline are well tolerated and pose few drug-drug interactions 
[91]. Low dose mirtazapine may prove beneficial in patients struggling with sleep 
or appetite. Fatigue can be treated with stimulants including methylphenidate and 
modafinil. 


Pharmacological Treatment — Anxiety 


A wide range of pharmacologist treatments is available for cancer patients 
suffering from anxiety. Long-acting benzodiazepines, such as clonazepam, are 
highly effective, but also pose considerable risks including delirium and 
dependence; benzodiazepines may also worsen fatigue. Increasingly, psycho- 
oncologists favor low doses of the second-generation antipsychotics olanzapine 
and quetiapine, as these may also mitigate secondary symptoms including nausea 
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[92]. Again, sedation is a potential risk, although rare at lower doses. Long term 
anxiety may be treated with SSRIs, although it should be noted that fluoxetine, 
paroxetine and fluvoxetime may lower tamoxifen levels in patients (such as those 
with ovarian stromal tumors) on this regimen. Gabapentin may benefit some 
patients where these other agents are contraindicated. 


Talk Therapy 


Significant data from the general population favors the combination of 
pharmacological and talk-based therapies for the optimal treatment of depression, 
anxiety, PTSD and related disorders. Women suffering from ovarian cancer often 
wish for such psychosocial support. Among the older women surveyed by Fitch et 
al., 54% reported a wish to talk to someone about the difficulties they faced 
regarding their cancer, a number that increased to 70% in those with recurrent 
disease [51]. For 34% a physician was their confidant, while 22% confided in a 
nurse [51]. One in five reported speaking to a mental health professional [51]. 


Psychosocial interventions have been tied to decreased psychological distress and 
improved quality of life in cancer patients [51]. Manualized therapies, such as 
Cognitive Behavior Therapy (CBT), offer systematic, concrete approaches to 
therapy. In CBT, the goal of the patient is to “change emotions by first changing 
thoughts and behaviors” [93]. Interpersonal therapy (IPT), which focuses on 
specific domains such as role transition and grief, is another manualized therapy 
with promising results in cancer patients [94]. Meaning Centered Therapy, which 
focuses on existential distress, improves patients’ spiritual welfare, although gains 
in other domains (e.g. quality of life) are less persuasive [95]. Group based 
therapies have also shown potential in improving patients wellbeing, although not 
longevity. Supportive Expressive Group Therapy (SEGT) may help women cope 
with the advanced states of disease [96]. In addition, psychodynamic therapies 
may benefit a subset of cancer patients [97]. Yet considerable care should be 
taken when breaking down patients’ defenses, often an integral part of 
psychodynamic treatments, as defenses and denial may prove essential forms of 
emotional protection during acute illness. 


END OF LIFE ISSUES 


Hope and optimism can prove valuable tools in battling the emotional and 
psychological effects of a cancer diagnosis. Unfortunately, in a disease with a 
high rate of lethality, many patients will not obtain the therapeutic outcomes they 
desire. In such cases, sensitive but candid preparation for the end stages of disease 
is an essential component in the relationship between the patient and her care 
team. Hospice use has increased significantly in recent years and older women 
with terminal ovarian cancer less likely to die in the hospital than a generation ago 
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[98]. Many patients may hold mistaken views about some end of life services, 
such as the belief that palliative care is incompatible with aggressive treatment or 
that all hospice care must occur in an inpatient setting [99]. Providing clear, easily 
understandable information will help patients make choices consistent with their 
own autonomy and care goals. 


Palliative Care & Hospice 


Although sometimes mistakenly thought of as an alternative to active treatment, 
palliative care is better conceived of as a holistic, interdisciplinary approach to 
symptom and comfort management that addresses both psychosocial and physical 
needs [100]. Co-management with oncological or medical providers is common 
[100]. Current guidelines recommend early incorporation of palliative care 
services into the therapeutic process [101]. Early initiation of palliative care has 
been tied to increased survival in some cancer patients [101]. The early 
introduction of palliative services has also been shown to reduce treatment costs 
significantly without compromising care [102]. Palliative care may best be 
thought of as an additional layer of support for each patient and should be 
integrated, whenever possible, into an overall care plan. 


Hospice services can provide additional comfort and autonomy to those patients 
in the final states of their illness. Generally available when life expectancy falls 
below six months, such services are now often provided at home. Some patients 
may also choose to spend their final days in hospice facilities, which are 
increasingly covered by medical insurance. Both options remove vulnerable 
patients from the stressful, often disorienting setting of hospitals and intensive 
care units. However, the rise of hospice care has not witnessed a concomitant 
decline in end-of-life ICU admissions among ovarian cancer patients [102]. 


Aid in Dying 


Aid in dying, often referred to by the misleading term “assisted suicide,” is a 
deeply controversial issue. Leading ethicists and people of goodwill currently 
stand on either side of the debate. The practice is currently legal in the states of 
Oregon, Washington, California, Vermont and Montana, as well as the District of 
Columbia, Canada, Switzerland, The Netherlands, Belgium, Luxemburg, 
Columbia and—under very limited circumstances—Japan. Legislation is under 
consideration in several other states and the trend is toward increased legality. As 
a result, oncologists and mental health providers are likely to encounter patients 
requesting guidance regarding such options. Although the moral choices of 
individual patients and their providers are beyond the scope of this chapter, a few 
general observations may prove helpful. First, it is essential for clinical purposes 
to recognize aid in dying as a distinct phenomenon from suicidality. Patients 
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seeking aid in dying are already dying of a terminal illness; many are merely 
seeking more control over the method, timing and location of their deaths. With 
that caveat, it is important for providers to identify patients suffering from 
significant psychiatric comorbidities, such as depression, who request aid in 
dying. Such patients may actually have treatable forms of suicidality and their 
capacity to choose to end their own lives may be diminished to the degree that 
nearly all mainstream ethicists and clinicians would seek to curtail their 
autonomy. Similarly, the reasons patients seek aid in dying should be explored 
thoroughly. A patient who fears pain may be given reassurances regarding pain 
control. In contrast, a patient whose concerns are rational and existential may 
benefit less from therapeutic interventions. Many patients who contemplate aid in 
dying never end their own live in this way, but nonetheless take solace in knowing 
that the option remains available as a last resort. Finally, physicians should be 
aware that providing information on aid in dying remains illegal in some states 
and that medical professionals who offer referrals or guidance may face criminal 
sanction. 


CONCLUSIONS 


Ovarian cancer is not merely a disease of the body, but a complex syndrome that 
affects the psychological and social wellbeing of its victims and their loved ones. 
Management of these aspects of patient welfare requires an interdisciplinary, 
team-based approach that includes medical and mental health professions. Clear 
communication among elements of the treatment team is essential for patient 
welfare. So is clear, compassionate communication with the patient herself during 
the entire course of care—from the presentation of initial symptoms through 
treatment regimens and, when necessary, the preparation for the final stages of 
disease. A collaborative approach between providers, patients and caregivers is 
likely to enhance quality of life and psychological health, helping patients to 
confront the ongoing challenges of their illness. 
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CHAPTER 6 


Role of Belief in Healing: Placebo Effect, Nocebo 
Effect, and The Mind-Body Interaction 


Tamara Kalir“ 
The Icahn School of Medicine at Mount Sinai, USA 


Abstract: This chapter explores the role of belief in healing, beginning with a brief 
review of western medicine’s changing foundations - initially religious and later 
scientific. The chapter relates to disease in general and is inclusive of ovarian cancer. 
Disease in ancient times was attributed to Divine cause; religious leaders served as 
physicians and belief played a prominent role in healing. Groundbreaking nineteenth- 
and twentieth-century scientific discoveries, which offered physical explanations for 
disease and fostered the development of companion therapies, diminished appreciation 
of the importance of belief in the healing process. Beginning around the mid- twentieth 
century and continuing to this day, scientific studies have investigated treatment 
outcomes in relation to the beliefs of patients and healers. The power of the placebo 
and nocebo are discussed, and studies and comments by both conventional and 
‘alternative’ modern-day healers illustrate a renewed appreciation of the importance of 
belief in the healing process. 


Keywords: Belief, Church, Chakra, Faith, Fleming, Galen, Hippocrates, Intuitive, 
Koch, Mind-body, Medieval, Miracle, Nocebo, New Testament, Osler, Old 
Testament, Old Testament, Osler, Placebo, Pope, Priest, Pasteur, Qur’an, Rabbi. 


ANCIENT & MEDIEVAL TIMES: RELIGION-BASED MEDICINE 


In ancient times, people related illness to divinity. The Book of Leviticus in the 
Old Testament, written around 1450 B.C [1], details how the God of Abraham 
chose the ancient Hebrew priests to protect the health of the Israelites during their 
desert trek to the Promised Land [2]. God told Moses and Aaron to instruct the 
priests regarding the proper procedure to follow when anyone in the camp 
developed a skin disease described as a rash. Translated from the Hebrew as 
“tzara’at,” commentators believe this term refers to either leprosy or some other 
type of skin infection. The affected individual was to be brought to either Aaron 
or his sons, the priests. An infectious process was diagnosed if the hair on the 


* Corresponding author Tamara Kalir:The Icahn School of Medicine at Mount Sinai, USA; E-mail: 
Tamara.Kalir@mountsinai.org 


Tamara L. Kalir (Ed.) 
© 2019 The Author(s). Published by Bentham Science Publishers 


Role of Belief in Healing Ovarian Cancer — Challenges and Innovations 173 


lesion had turned white and the lesion appeared more than skin deep. The person 
was pronounced ceremonially unclean and was isolated from the camp. If the hair 
had not turned white or the lesion did not appear skin deep, the person was placed 
in isolation for seven days. The priest was to re-examine the person after seven 
days and if the lesion was unchanged, he/she was placed in isolation another 
seven days after which he/she was again examined. If the lesion had faded upon 
re-examination after the seven-day period, the priest could diagnose a rash and 
pronounce the person clean. The person would wash their clothes and after 
evening, re-join the camp. If however the lesion had spread on the skin, the priest 
would then diagnose an infectious disease and the person would have to be 
quarantined and dwell outside the camp. The person diagnosed with a skin 
infection would have to tear their garments, allow their hair to grow, cover their 
face with a garment and call out, “defiled, defiled” so people in the camp would 
know to avoid them. When the lesion disappeared, they were to be re-examined 
by one of the priests to be declared clean; bathe, wash their clothes and then re- 
enter the camp after nightfall. 


The Book of Exodus of the Old Testament, written around 500 B.C [3], tells how 
the God of Abraham also said to the Israelites in the desert [4]: 


“If you will listen to the voice of the Lord your God, and obey it, and do what is 
right, then I will not make you suffer the diseases I sent on the Egyptians, for I am 
the Lord who heals you.” 


Given the sacredness of the Old Testament to Judeo-Christians, the association of 
illness with Divinity and Divine decree persisted through much of western 
history, in spite of attempts to dismiss it. Around 400 B.C., the Greek physician 
Hippocrates put forth the novel idea that disease is a result of natural causes, and 
not due to superstition or the gods [5]: 


“It is thus with regard to the disease called Sacred: it appears to me to be nowise 
more divine nor more sacred than other diseases, but has a natural cause from the 
originates like other affections. Men regard its nature and cause as divine from 
ignorance and wonder...” and “natural forces within us are the true healers of 
disease” [6]. 


Hippocrates’ philosophy was consistent with that of the ancient Greeks of his 
time, who sought to explain things in a non-religious way. Nonetheless the 
intertwining of disease and religion persisted and developed further such that in 
Anglo-Saxon times, around 410 — 1066 A.D [7]. it was believed that sickness was 
sent by God as a result of some sin committed by the ill person. The focus was 
more on caring for the sick person’s soul rather than trying to cure the person, as 
the idea was that a certain amount of suffering was necessary to cleanse the sick 
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person’s soul of its sin. However, a simultaneous belief was that if a cure was 
available, it was not only prudent but right even in the eyes of God to attempt a 
cure. Similarly to Old Testament-times physicians were most often religious 
people - monks who studied in the existing medical schools at the time. 


WESTERN MEDIEVAL PHYSICIANS’ TRAINING: MEDICINE & THE 
PRIESTHOOD 


In contrast to modern western medicine where training is scientifically-based, the 
program of medicine in Anglo-Saxon times was under Church jurisdiction and 
individuals (men) trained for the priesthood. Training lasted from six to nine 
years, and consisted firstly of a basic three-year curriculum of grammar, rhetoric 
and logic called the trivium. After completing this, the student would move on to 
a four-year quadrivium of astronomy, geometry, music and algebra [8]. 
Physicians drew up astrological charts to aid both in working out suitable 
treatments and predicting the course of their patients’ ailments. Interestingly, 
music was believed to be conducive to health and doctors might also sing [7, 9]. 


Due to a lack of scientific advancement, Galen’s theory of the four humors, 
formulated during his lifetime in A.D. 129-216 was still prevalent one thousand 
years later [10]. In his theory, are four basic elements of which the human body is 
made: earth, fire, water and air, which combine to form the humors: blood, 
phlegm, black bile and yellow bile. Every individual had an excess of one or 
another, making them sanguine, phlegmatic, choleric or melancholy. Illness 
occurred when the humors became unbalanced. 


TREATING DISEASE IN WESTERN ANCIENT TIMES: FANCIFUL 
THERAPIES 


To re-adjust the unbalanced humors and restore well-being, a physician could 
prescribe a suitable diet and life-style changes. Alternatively, enemas could be 
employed, or bleeding the patient. Also popular were counter spells, incantations, 
potions, inciting the soul to return to the body, and songs. Exemplified below are 
treatments for fever which, by modern standards seem fanciful at best [11, 12]: 


“First make an amulet of wafers, then sing a charm, first in the patient’s left ear, 
then the right and, finally, over the top of the head while hanging the amulet 
around the patient’s neck.” 


“Take a small fresh jar to a river and say to the river: ‘River, O river, please loan 
me a jar full of water for a guest who is visiting me.’ Fill the jar with water from 
the river. Then spin the jar seven times around your head and pour the water over 
your back while saying: ‘River, O river, please take back the water you gave to 
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me, for the guest who visited me came and left on the same day.’” 


Whooping cough (pertussis), an illness which today is vaccine-preventable and 
treatable by antibiotics, was treated in Anglo-Saxon times by the following, also 
fanciful method [13]: 


“Take a caterpillar, wrap it in a small bag of muslin, and hang the bag around the 
neck of the affected child. The caterpillar will die and the child will be cured. Or 
pour a bowl of milk and get a ferret to lap from the bowl. After the child drinks 
the rest of the milk, she will recover.” 


Because of lacking knowledge of the scientific basis of disease, western medieval 
physicians focused on treating the whole person, body and soul. If the treatment 
had no physical effect, the patient might still experience relief when they and the 
healer believed in the treatment. The power of belief was held in high esteem in 
ancient times, and will soon be discussed in more detail under the placebo effect. 


Still, some treatments were more practical and may be recognized by the modern 
reader. For example Moses Maimonides, a medieval Torah (Jewish religious) 
scholar and physician [14] used various remedies familiar today from holistic 
practices including: hydrotherapy, specific food combinations, exercise, pleasant 
surroundings, meditation, seasonal fruits, and the direction the bed faces; akin to 
feng shui. 


SEPARATION OF MEDICINE AND RELIGION: TRANSFER OF 
WESTERN MEDICAL PRACTICE FROM PRIESTS TO THE LAITY 


Three historical events served to separate western medicine from religion: 1) Pope 
Innocent III’s edict of 1215 A.D., ii) Descartes writings in the 1600’s A.D., and, 
iii) the discoveries of Drs. Koch and Pasteur in the 1800’s A.D. 


In 1215 A.D., an important occurrence initiated the transfer of medical practice 
from the clergy to the public, and began paving the way for the association of 
medicine with science. Pope Innocent III’s new edict stated that clerics were 
forbidden to spill blood [15]. This edict divested monks and priests of their ability 
to cauterize and make incisions, and thrust the practice of surgery into the hands 
of laymen and women. To briefly digress, women were barred from universities 
in medieval times however, they could work as surgeons because this practice 
required an apprenticeship rather than university training [16]. Further, because 
men were prohibited from the birthing quarters, women were at the front of the 
ranks in midwifery. The only requirement was a parish priest’s note of good 
character to enable the midwife to act in the role of priest and baptize an infant 
who died or was stillborn during the birthing process [7]. Also of note, because of 
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the close association of crafting medicinal mixtures with cooking, women were 
known to create herbal and medicinal remedies. 


The practice of medieval lay-medicine evolved into three groups: 1) physicians, ii) 
surgeons/barber surgeons, and iii) apothecaries. Physicians were university- 
trained and concerned with the patient’s internal disposition. Surgeons and 
barber-surgeons, trained via an apprenticeship, dealt with bleedings, lancing, and 
setting broken bones. Apothecaries, also trained via an apprenticeship, learned the 
secrets of concocting medicines, ointments, and other remedies. For concoctions, 
dosages were largely due to guesswork as strengths of active ingredients were not 
regulated; hence a small error could prove lethal to the patient. Below is an 
example of a medieval anesthetic solution [17]: 


“To make a drink that men call dwale, to make a man sleep during an operation. 
Take the gall of a boar, three spoonfuls of the juice of hemlock and three 
spoonfuls of wild bryony, lettuce, opium poppy, henbane and vinegar. Mix them 
well together and then let the man sit by a good fire and make him drink of the 
potion until he falls asleep. Then he may safely be operated upon.” 


Without the regulatory and oversight mechanisms that we have today, individuals 
operating independently and at their own discretion could resort to charlatanism. 
As would be expected, concerns were voiced by physicians and surgeons to 
ensure the medicines they were prescribing and the devices they were using were 
of the highest quality. An early but aborted attempt at a quality cooperative was 
the College of Physicians and Surgeons in the City of London, formed in 1423 
A.D. Power struggles between the different guilds brought the College demise 
after only one year of operation, but demonstrated the willingness of the groups to 
be seen as true professionals with high standards of patient care [17]. 


Along with the lay-peoples’ struggles, a gap persisted between science and 
medicine. Despite the fact that the first dissections and autopsies were carried out 
in 335 B.C [18], they were not accepted. Due to taboos regarding desecration of 
the human body and beliefs that the soul remained entrapped within the body after 
death, human dissection was abandoned for the next 1800 years. Then along came 
Descartes, who was perhaps the first to suggest that the body did not need the 
mind to function [19, 20]. Descartes’ revolutionary ideas were instrumental in 
furthering the schism between religion and medicine and promoting medicine’s 
association with science. In 1637 Descartes proposed a method based on doubt, 
analysis, synthesis and verification, which gave rise to the scientific method [21]. 
Descartes’ mind-body separation influenced medical science to look toward 
natural causes of disease rather than supernatural. This separation downplayed the 
importance of anything that could not be observed and measured [21]. 
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Descartes contribution, important as it was, would reveal a flip side later on in 
history. As stated by Dr. Candace Pert in her book Molecules of Emotion [20]: 


“If psychological contributions to physical health and disease are viewed with 
suspicion, the suggestion that the soul - the literal translation of psyche - might 
matter is considered downright absurd. For now we are getting into the mystical 
realm, where scientists have been officially forbidden to tread ever since the 
seventeenth century. It was then that Rene Descartes, the philosopher and 
founding father of modern medicine, was forced to make a turf deal with the Pope 
in order to get the human bodies he needed for dissection. Descartes agreed he 
would not have anything to do with the soul, the mind or the emotions - those 
aspects of human experience under the virtually exclusive jurisdiction of the 
church at the time - if he could claim the physical realm as his own. Alas, this 
bargain set the tone and directions of Western science over the next two centuries, 
dividing human experience into two distinct and separate spheres that could never 
overlap, creating the unbalanced situation that is mainstream science as we know 
it today.” 


A NEW PARADIGM - GERM THEORY OF DISEASE, ANTIBIOTICS 
AND SCIENCE-BASED MEDICINE 


While the germ theory [22] was first proposed by Girolamo Fracastoro in 1546 
and further developed by Marcus von Plenciz in 1762, it was not accepted. 
Rather, Galen’s ‘miasma’ theory [23] predominated among doctors of the time. 
The miasma theory held that diseases including cholera, Chlamydia infection, and 
the Black Death were caused by miasma, a form of ‘bad air’ emitted by rotting 
organic matter. The miasma theory was finally successfully challenged first by the 
revolutionary experiments of Dr. Louis Pasteur [24] in the 1850’s and further by 
the work of Dr. Robert Koch in the 1880’s [25]. Drs. Pasteur and Koch both 
demonstrated the relationship between germs and disease, and the medical and 
scientific communities were finally persuaded to accept the germ theory of 
disease. Then in 1928 Dr. Alexander Fleming [26] discovered penicillin, the first 
antibiotic that could be used in the treatment of germ-initiated disease. With the 
emergence and finally acceptance of the germ theory of disease and subsequent 
discovery of antibiotic drugs, a whole new world opened for doctors: a new world 
that could question the contribution of belief and its role in the healing process. 


SCIENTIFIC STUDY OF BELIEF: THOUGHTS, PLACEBO AND 
NOCEBO POWER 


While many ancient and medieval treatments contained healing substances we 
have scientifically identified, it seems other treatments if they worked at all, may 
have been successful as a result of belief, or the placebo effect. The placebo effect 


178 Ovarian Cancer — Challenges and Innovations Tamara Kalir 


as defined in the American Heritage Dictionary is: “a beneficial effect in a patient 
following a particular treatment that arises from the patient’s expectations 
concerning the treatment rather than from the treatment itself’ [27]. The Merriam- 
Webster Dictionary [28] defines it as: “improvement in the condition of a patient 
that occurs in response to treatment but cannot be considered due to the specific 
treatment used.” Equally powerful is the nocebo effect. Wikipedia defines the 
nocebo effect [29], “when a patient anticipates a side effect of a medication, they 
can suffer that effect even if the medication is actually an inert substance. Both 
placebo and nocebo effects are presumably psychogenic, but they can induce 
measurable changes in the body and the brain.” 


The placebo effect has been extensively studied and written about by a 
cardiologist named Dr. Herbert Benson, who founded the Mind/Body Medical 
Institute at Deaconess Hospital in Boston. He terms the placebo effect 
‘remembered wellness’, as he feels the term ‘placebo’ has a pejorative 
connotation with use of such terms as ‘sugar pill’ or ‘dummy pill’ [19]. He 
believes the term ‘remembered wellness’ is a more accurate phrase for the 
patient’s role in the healing process, echoing Hippocrates’ statement that healing 
results from natural forces within. 


In an interesting paper, Dr. Benson contrasted his findings with an earlier report 
by Dr. Henry Beecher of the Massachusetts General Hospital, who touted a 30% 
success rate attributable to the placebo effect [30]. Dr. Benson however found 
much higher levels in a study on alleviation of angina pectoris [31]. In this report, 
Dr. Benson along with his colleague Dr. McCallie studied treatments of angina 
which today are considered misguided, such as injections of cobra venom, or 
removal of the thyroid gland or partial pancreatectomy. They found that when 
these treatments were initially enthusiastically introduced by physicians, i.e., 
when the physicians believed in the treatments, they were effective 70 to 90% of 
the time whereas later when physicians began to doubt their efficacy, the 
effectiveness dropped to the same 30% levels published by Dr. Beecher. Similarly 
in 1993, Dr. Alan Roberts of the Scripps Clinic and Research Foundation 
published a retrospective study of various treatments, both medical and surgical 
that were once thought to be successful but later debunked for common conditions 
such as: bronchial asthma, Herpes cold sores, and duodenal ulcers. He found a 
70% response rate and reported that “under conditions of heightened expectations 
the power of the placebo effect far exceeds that commonly reported in the 
literature” [32]. 


To investigate this further, Dr. K.B. Thomas performed an interesting study of 
two hundred patients with symptoms not attributed to any particular cause. For 
one group the physician told them with confidence the treatment they would 
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receive (which was vitamins) would alleviate their symptoms within two weeks 
whereas for the other group, their physician told them no specific cause was 
identified and therefore they would either receive no treatment or a treatment 
(again vitamins) for which the physician was uncertain as to its providing 
symptom relief. In the final analysis, 64% of the patients who received ‘good 
news’ improved within two weeks compared with 39% of those who received 
negative feedback [33]. 


A study by Kaplan & Greenfield explored the placebo effect via the influence of 
patients’ expectations on outcome. They found that in a 15 minute encounter a 
patient has with their doctor, the patient is likely to ask up to but not more than 
four questions, one of which is practical such as validating their parking. To 
improve the encounter the researchers coached patients with chronic illnesses to 
first reliably attend their appointments and then to plan out prior to their 
appointment, the questions they wanted to ask their doctor. They found that 
coached patients overall felt more satisfied with their experience and developed 
fewer illness-related lifestyle limitations than did un-coached patients. And 
diabetic patients had lower follow-up glucose levels [34]. 


Another, equally interesting study involved patients who received either a 
cholesterol-lowering drug or a placebo after having a heart attack [35]. These men 
were followed for five years and, in comparing compliant with noncompliant 
placebo-takers it was found that death occurred in 28% of poor adheres 
compared with only 15% of compliant patients. Hence, not taking the placebo 
resulted in an increased death rate, and patients who believed in the placebo had 
better survival than patients who did not. 


The placebo’s opposite is the nocebo effect, or power of negative thinking. Dr. 
Herbert Basedow in 1925 [36] recounts the power of the nocebo via the method of 
voodoo: 


“The man who discovers that he is being boned is, indeed, a pitiable sight. He 
stands aghast, with his eyes staring at the treacherous pointer, and with his hands 
lifted as though to ward off the lethal medium, which he imagines is pouring into 
his body. His cheeks blanch and his eyes become glassy, and the expression of his 
face becomes horribly distorted...He attempts to shriek but usually the sound 
chokes in his throat, and all that one might see is a froth at his mouth. His body 
begins to tremble and the muscles twist involuntarily. He sways backwards and 
falls to the ground, and after a short time appears to be in a swoon; but soon after 
he writhes as if in mortal agony, and covering his face with his hands, beings to 
moan...His death is only a matter of comparatively short time.” 


Another example of the power of the mind negatively impacting the body is 
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through dreams, as mentioned by Dr. Menninger von Lerchenthal of Vienna in the 
late 1700s, in which sudden death resulted from extreme fright as recounted in 
composer Joseph Haydn’s diary [37]: 


“On the 26" of March at the concert of Mr. Bartholemon (London) there was an 
English clergyman who while hearing my Andante sank into the deepest 
melancholy because of the fact that on the previous night he had dreamed of such 
an Andante which announced his death. He immediately left [our] company, went 
to bed, and today I heard through Mr. Bartholemon that this clergyman had died.” 


Similarly, Dr. George Engel described feelings of hopelessness and helplessness, 
which he termed the “giving up-given up complex” resulting in sudden death, 
familiar to us when we describe widows and widowers as ‘dying of a broken 
heart’ [38]. Dr. Engel also concluded, based on a study in which he re-created the 
psychological status of one hundred sudden deaths from unusual circumstances 
recounted in newspaper clippings, that a person’s sense of powerlessness and 
inability to cope with life often led to their death and, that one’s attitude to the 
circumstances of life determines one’s fate [39]. 


In another example of the power of negative thinking on the body, Dr. L.J. Saul 
[40] wrote about a man who was torn between remaining in an intolerable home 
situation versus moving to a new town and leaving behind what he felt were his 
responsibilities. He boarded a train to the make the move to the new town. At a 
train stop roughly halfway between his old home and new, he disembarked and 
was pacing the platform in great indecision. As the train was leaving the man 
remained undecided as to how to proceed, collapsed on the train platform and 
died. His medical records indicated no significant or life-threatening illnesses. 


The above studies demonstrate the power of our belief and thinking on our well- 
being. What is the relation between thinking and belief? A Google query brings 
up the following [41]: “a belief is a thought that you make real, or accept as true”. 
Undoubtedly our emotions and feelings are intertwined with our thoughts and 
beliefs. To illustrate this, more recent studies by Dr. Jensen et al. [42] 
demonstrated the influence of our thinking and beliefs on how we feel (our 
perceptions), via patients’ responses to thermal pain stimuli. They found that both 
conscious and nonconscious brain-processing pathways are involved. In two 
different experiments, subjects were asked to rate a thermal pain stimulus on their 
arm on a scale of 0 (no pain) to 100 (worst imaginable pain). In the first 
experiment the subjects were exposed to a computer screen which showed a 
clearly-visible image of a male face demonstrating either high- or low-pain. 
Subjects were significantly more likely to rate their pain as high after having been 
exposed to the high-pain image, and similarly, subjects were significantly more 
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likely to rate their pain as low after having been exposed to the low-pain image, 
for the same thermal stimulus for all subjects. In a second experiment using 
different subjects, the high-pain, low-pain images were masked by virtue of being 
presented as a rapid exposure-image, and interestingly the findings were similar to 
those seen with the clearly visible images. These findings support the notion of 
the powerful influence of our thinking on our bodies perceptions. Both conscious 
cues in the form of explanations and instructions, and unconscious cues from the 
patient-clinician interaction appeared to be involved in activating the perceived 
pain in these experimental subjects. 


The aforementioned studies illustrate the tremendous power of the mind, both our 
own minds and that of our healers, to impact our health and well-being. 
Interestingly and perhaps unexpectedly, the great breakthroughs of 20"- and 21*- 
century medical science, such as sequencing the human genome and discovering 
the molecular basis of disease, have enabled practitioners of modern medicine to 
become largely physically-focused, relegating aspects of mind-body healing to 
others. How important is this mind-body connection to modern-day healing? Let 
us explore the evidence. 


SCIENTIFIC STUDY OF BELIEF: BELIEF AFFECTS PHYSIOLOGY 


Studies in the past have concluded that the majority of causes that bring patients 
to medical clinics are of unknown origin and likely either the result of 
‘psychosocial’ factors, or stress [19, 43]. Dr. Herbert Benson [19] opined that 
practitioners are focused on physical derangement and in cases where nothing can 
be found, the patient may either be reassured or dismissed by the doctor, possibly 
culminating in two very different results: assurance in the former situation, and 
possibly some level of frustration in the latter because the patient’s beliefs were 
not addressed. Drs. Weisman and Hackett [44] demonstrated that patient’s beliefs 
and expectations play a powerful role in outcome. They performed a three-year 
study of patients who were scheduled for surgery, and found that of the six 
hundred patients in the study who were unusually apprehensive about their 
surgery, only five were convinced they would die while on the operating table. 
Most of the apprehensive patients survived their surgery, compared with none of 
the patients who were convinced they would die! 


Another study demonstrating the power of belief was published by Drs. Butler 
and Steptoe [45] who reported the results of a placebo trial in asthmatics. Both 
groups of patients received inert, distilled water. However the first group was told 
they were receiving a chest-constricting chemical and the second believed they 
were getting a powerful new bronchodilator agent. The first group experienced 
significant deterioration in their breathing ability, while the second group had no 
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such experience, even though both groups received the same treatment. 


In another equally interesting study, Drs. Ikemi and Nakagawa [46] demonstrated 
the influence of our beliefs on our bodies. In Japan, lacquer and wax trees are 
similar to poison ivy in the United States; a source of potential skin allergic 
reactions. These investigators studied fifty-seven high school boys who were 
tested for sensitivity to allergic items. The boys filled out questionnaires about 
their past history with allergens, and provided family histories. For those who 
reported marked allergic reactions to the lacquer trees, they were blindfolded and 
one arm was brushed with lacquer tree leaves while being told these were from 
chestnut trees, and the other arm was brushed with chestnut tree leaves while 
being told they were lacquer tree leaves. Within minutes, the arms which the boys 
believed had been brushed by lacquer tree leaves showed reactions including 
bumps, itching and burning, while the arms believed to have been brushed by 
chestnut leaves in most cases did not manifest any reaction. The conclusion was 
that patient reactions are a function of a combination of susceptibility to toxin, 
amount of toxin, the power of suggestion and a patient’s belief; where in 51% of 
cases, suggestion/belief was the most powerful factor. This study supports the 
belief-physiology, or mind-body connection. That our perceptions become our 
reality or, as some sages have said, “as above, so below” (i.e., as you think, so you 
are) alludes to the interconnectedness of the metaphysical and the physical realms 
[47]. Perhaps most succinctly said long-ago by an 18" century leader, Rabbi 
Yisro’el Ba’al Shem Tov [12]: 


“Where your thought is, is precisely where you are — all of yourself is there.” 


From the potions and procedures of primitive medicines physicians and surgeons 
not subjected to clinical trials and hence of scientifically unproven efficacy; for 
which the majority of treatments may have done more harm than good, it is 
reasonable to conclude that cures for some medieval patients were likely the result 
of the healing power of the placebo - the power of their belief [48]. 


The great discovery of microbes as the cause of disease [49] and the success of 
antibiotic treatments would predictably diminish the appreciation of belief’s role 
in the healing process. And the continued remarkable breakthroughs in medical 
science: the discovery of cancer susceptibility genes (BRCA, APC, and MMR), 
tumor genotyping and targeted drug therapies, stem cell transplantation, and in 
vitro fertilization strengthen the appearance of a schism between the mind and 
body, and enable medical doctors to focus on science and tangible physical 
treatments. But inevitably, there are cases which medical science cannot cure. 
What then? A patient will seek an alternative practitioner or other individual they 
believe can help them; someone in whom they can have faith. 
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What is the relationship between belief and faith? According to Merriam-Webster 
Dictionary [50] belief is “a state or habit of mind in which trust or confidence is 
placed in some person or thing; something that is accepted, considered to be true; 
conviction of the truth of some statement or the reality of some being or 
phenomenon especially when based on examination of the evidence.” Faith is 
“allegiance to duty or a person; belief and trust in and loyalty to God; something 
that is believed especially with strong conviction.” The dictionary uses the term 
‘belief? to define ‘faith.’ Author Gregg Braden clarifies this further [51] writing 
that, “[Faith] is defined in The American Heritage Dictionary as belief that does 
not rest on logical proof or material evidence.” 


What is the evidence that faith can influence health and well being? For 
Westerners, the word ‘faith’ has religious overtones and the most familiar 
accounts occur in our Holy Bible. In the New Testament [52] Mark 5:25 recounts 
an incident in which a woman who bled for twelve years was healed when she 
touched Christ’s cloak. Jesus turned around when he felt her touch and said, 
“Daughter, thy faith hath made thee whole; go in peace.” In Luke 18:42 [53] Jesus 
restores sight to a blind man, saying “Receive thy sight; thy faith hath saved 
thee,” and after cleansing lepers says, “Arise, go thy way; thy faith hath made thee 
whole.” Dr. J.S. Levin in 1994 has written [54]: 


“The mere belief that religion or God is health enhancing may be enough to 
produce salutatory effects. That is, significant associations between measures of 
religion and health ... may in part present evidence akin to the placebo effect. 
Various scriptures promise health and healing to the faithful, and the 
physiological effects of expectant beliefs such as this are now being documented 
by mind-body researchers.” 


The Holy Qur’an also says [55] “And I heal the blind and the leprous, and bring 
the dead to life with Allah’s permission and I inform you of what you should eat 
and what you should store in your houses; most surely there is a sign in this for 
you if you are believers.” 


On a more secular note in 1910 Dr. William Osler, among the fathers of modern 
American medicine, wrote on the subject of faith while at Johns Hopkins 
University [56]: “Faith in St. John’s Hopkins, as we used to call him, an 
atmosphere of optimism, and cheerful nurses, worked just the same sort of cures 
as did Aesculapeus [Roman god of medicine and healing] at Epidaurus.” 


More recently in 1995, Dr. Oxman reported a three-fold greater likelihood for 
survival among heart disease patients who underwent open-heart surgery, aged 
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fifty-five and older, who received a sense of peace and comfort from their 
religious beliefs, when compared with their non-religious cohort [57]. In another 
study, Dr. Matthews and colleagues found that religious beliefs positively 
correlated with better quality of life and improved survival for cancer and heart 
disease patients who also showed lower blood pressure levels and decreased use 
of drugs, cigarettes and alcohol, and reduced levels of anger, depression and 
anxiety [58]. Matthews et al. [58], also found that people who were part of a 
religious group were more likely to report greater self-esteem, feelings of well 
being, marital- and life-satisfaction, and altruism than people who considered 
themselves non-religious. Dr. Levin reported that “epidemiological studies 
suggest that social support, a sense of belonging, and fellowship engendered by 
religion serve to buffer the adverse effects of stress and anger, perhaps via 
psycho-neuro-immunologic pathways”, speculating that religious involvement 
“may trigger a multi-factorial sequence of biological processes leading to better 
health.” [59 - 61]. Dr. Pressman followed thirty elderly women recovering from 
surgery for a broken hip, and found that those who considered themselves 
religious were less likely to be depressed and showed a better recovery by virtue 
of their ability to walk significantly farther than non-believers [62]. Dr. Spiegel 
and colleagues found, after ten years of following patients treated for breast 
cancer, those who participated in support groups lived on average eighteen 
months longer than those who did not and, those who participated in both social 
activities and religious groups had a tenfold increase in survival [63]. 


Faith, similarly to the placebo cannot be scientifically explained. Alternative 
religious healers too, employ ways yet to be understood. Rabbi Laibl Wolf speaks 
of the healing powers of those Kabbalists who are publicly accessible and receive 
people seeking their help [14]: 


“Many people turn to these “miracle workers” for healing, and each Kabbalist has 
his [or her] individual modality. Often the ordinary and commonplace advice he 
[she] gives obscures the true source of the healing. For example, some Kabbalists 
advise eating a particular fruit or lighting a candle. What is not evident to the 
recipient of this advice is that the Kabbalist is actually focusing G[o]dly spiritual 
energy. The fruit or candle becomes the physical conduit through which spiritual 
energy can flow. Were the fruit to remain uneaten or the candle untouched, the 
Kabbalist’s blessing would have no effect. This is called ‘building a keili’ (a 
container to hold the blessing). There are Kabbalists who ‘read mezuzot’ (small 
cases placed on doorposts of Jewish homes which contain scriptural verses from 
Deuteronomy). These Kabbalists can perceive all aspects of a person’s life 
through the mezuzah and offer advice based on what they find. Others recognize 
the soul through the person’s name and that of the mother. Yet others will simply 
ask you to open a page of Psalms. Many Hasidic rebbes hide the miraculous in the 
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ordinary. The late Lubavitcher Rebbe... often camouflaged his miraculous gifts in 
‘ordinary’ advice. He might advise a suffering individual to a see a particular 
doctor or to undertake a specific home therapy. Somehow his advice resulted in 
the spontaneous remission of serious illness. At other times the Rebbe simply 
intimated that the person would be healed - and that was enough. And at yet other 
times he instructed the person ‘to make a I’chaim’ (to have an alcoholic drink, 
usually a shot of vodka, and wish the person |’chaim - ‘to life’), and it would 
affect a cure. Or he would take the person’s Hebrew name and the name of his or 
her mother to the graveside of his saintly father-in-law (his spiritual predecessor), 
seeking heavenly intervention. The famous Kabbalist of the Middle East known 
as Baba Sali, who died only a few decades ago, affected miraculous cures of 
seriously ill hospitalized patients. Under the watchful eye of doctors he instructed 
the patient to sip a little water. The doctors’ responses of amazement and awe are 
on record.” 


Placebo effect and/or faith? And how does each element contribute to the end 
result? We cannot answer these questions but as Dr. H. Benson [19] pointed out, 
the old medical treatments for angina: cobra venom, removal of the thyroid gland 
or pancreas; all remedies of no scientific merit had a 70-90% success rate when 
physicians believed in them! When doctors doubted the value of these treatments, 
their effectiveness dropped 30-40%. These findings demonstrate the placebo 
effect being twice as potent “under conditions of heightened expectation,” and 
highlight the power of the healer’s belief on the patient’s ability to heal. 


THOUGHTS, EMOTIONS AND THE MIND-BODY INTERACTION 


Dr. Candace Pert, in her book Molecules of Emotion [20] points out that emotion 
is linked with physiology; an emotion generates molecule(s) that enable cell-to- 
cell communication that diffuse throughout the entire body, a true psycho-somatic 
phenomenon. Dr. Pert also says that the mind-body schism that has existed for so 
long in the western world is currently dissolving due to a paradigm shift that will 
have major implications for health, disease, and healing. She believes we are 
moving into a more holistic view of health and disease and that emotions are a 
key element in linking the mind and body [20]: 


“the molecules of emotion run every system in our body, and [20] this 
communication system is in effect a demonstration of the body-mind’s 
intelligence, an intelligence wise enough to seek wellness, and one that can 
potentially keep us healthy and disease-free without the modern high tech medical 
intervention we now rely on...”. 


Dr. Pert’s comments parallel those of Rabbi Wolf — who stated that our minds, 
emotions, and bodies appear to be interconnected with and influence each other. 
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Taking this one step further, in Jewish thought performance of a good deed, 
termed a mitzvah “taps into diffused emotions and reorients them so that the result 
is wellness and good health” [14]. 


Scientific studies have shown that our emotions and feelings can influence the 
chemistry in our own bodies and, changing our feelings can in turn change the 
chemistry! To illustrate, Dr. Rein and colleagues in 1995 reported their study on 
salivary immunoglobulin A (S-IgA), for which they found that positive emotions 
were associated with a significant increase in S-Ig A levels, and anger was 
associated with decreased S-Ig A levels [64]. Earlier in 1993, Dr. Rein and 
colleagues made the equally intriguing observation that emotions can change the 
shape of DNA molecules [65]! Comparing individuals who were able to 
emotionally self-manage with control subjects who had no prior specialized 
training, they found that “individuals trained in generating focused feelings of 
deep love...were able to intentionally cause a change in the conformation of the 
DNA.” If one can extrapolate from this finding in one cell - to every cell in a 
person’s body - imagine the tremendous impact of emotions on a person’s 
physical state! 


The aforementioned cases and studies serve as testament to the mind-body 
interplay and role of belief in wellness and well being. Luckily, it seems this 
holistic view of the mind-body duality has been catching on in modern medicine. 
In 2006 Vicki Brower wrote of [66]: 


“mounting evidence for the role of the mind in disease and healing leading to a 
greater acceptance of mind-body medicine. The common sense notion that ‘too 
much stress makes you sick’ might hold more than a grain of truth. The second of 
two large-scale epidemiological and medical studies among civil servants in the 
UK, known as the Whitehall studies [67], found that workers in low-level jobs, in 
which they have high stress and little autonomy, have more than twice the risk of 
developing metabolic syndrome - a precursor of heart disease and diabetes - 
compared with employees in high-level jobs... Stress is defined as a high level of 
demand, a low level of control and little support from co-workers or supervisors. 
By measuring heart rate, and cortisol and adrenaline levels, researchers also found 
that stress affects the autonomic nervous system and neuroendocrine 
function...Although the understanding that emotions affect physical health date as 
far back as the second-century physician Galen and the medieval physician and 
philosopher Moses Maimonides, modern medicine has largely continued to treat 
the mind and body as two separate entities. In the past 30 years, however, research 
into the link between health and emotions, behavior, social and economic status 
and personality has moved both research and treatment from the fringe of 
biomedical science into the mainstream.” 


Role of Belief in Healing Ovarian Cancer — Challenges and Innovations 187 


Professor Oakley Ray has said that “according to the mind-body or bio- 
psychosocial paradigm, which supersedes the older biomedical model, there is no 
real division between mind and body because of networks of communication that 
exist between the brain and neurological, endocrine and immune systems [68].” 
Vicki Brower has also said [66] that several factors have been responsible for the 
growth of mind-body research and treatment: “patients’ increasing interest in self- 
care, wellness and alternative medicine, and their concomitant dissatisfaction with 
the success of allopathic medicine in preventing and treating chronic illnesses. 
The consumer demand for and use of complementary and alternative medicine has 
also prompted the US government to become involved. In 1992, under pressure 
from consumers and with the help of Ohio Congressman Tom Harkin, an 
alternative medicine enthusiast, Congress mandated the National Institutes of 
Health (NIH, Bethesda, MD, USA) to open an Office of Alternative Medicine and 
gave it a US $2 million budget... when OAM was founded, more than one-third of 
Americans said that they used relaxation techniques and imagery, biofeedback 
and hypnosis, and more than 50% used prayer as a complementary or alternative 
therapy.” 


Further supporting mind-body interplay, Dr. Deepak Chopra [69] has said: 


“We know from many scientific studies that whatever you anticipate happening 
with your health is much more likely to occur. Doctors sometimes ridicule this as 
the placebo effect, but the placebo effect is a testimony to the power of intention. 
When a doctor and a patient believe in a treatment, the positive results can be as 
high as 100 percent, even if the treatment is later found to have no 
pharmacological effect. If patients with asthma are given salt water and told it will 
help their breathing, they will breathe more easily due to the placebo effect. Given 
the same salt water with the suggestion that their breathing will worsen, they 
experience the expected deterioration. This is called the nocebo effect. In every 
condition imaginable — from high blood pressure to cancer, from stomach ulcers 
to anginal heart pain — your expectations can make the difference between health 
and illness, life and death. We can summarize this principle in one line: What you 
believe you become.” 


As we have seen, positive thinking contributes to well being, whereas negative 
thinking has the opposite effect both on ourselves and on those about whom we 
are thinking - Dr. Benson’s placebo and nocebo effects. Let us examine this 
thinking-power further, via examples from doctors, alternative healers and 
writers. 


ALTERNATIVE HEALINGS AND THE MIND-BODY INTERACTION 


Author Gregg Braden recounts what Western medicine may consider a ‘miracle 
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healing,’ illustrating the complex interplay between mind-body and the power of 
belief and suggestion [51]: 


“While studying at a specialized clinic outside of Beijing, our instructor had 
documented on video the effects of an ancient healing art based on techniques of 
movement, breath, thought, and feeling. He began by preparing us for what we 
were about to see. The video would show a phenomenon from Asian traditions 
that Western science could not explain. Anomalous experiences of this kind are 
often classified as miracles. For people who had turned to this clinic as a last 
resort, the choice of love, specialized movement, and the development of life 
force (ch’i) over medicine and surgery was the answer to their prayers...” 


Braden goes on to describe such a healing that he viewed on a videotaped 
recording made at the Huaxia Zhineng Qigong Clinic and Training Center in 
Qinhuangdao, China, a center known as the ‘medicineless hospital’. The video 
showed a woman patient, loosely clothed but with her abdomen exposed, awake 
and conscious, lying on her back. Her stomach glistened due to the prior 
application of a preparatory gel. A nurse practitioner, seated next to the patient 
waved an ultrasound wand across the woman’s stomach. Directly behind the 
woman stood three male practitioners dressed in white. The men were focused on 
her upper body and one of them began moving his hands above the woman’s face 
and chest. The video then showed the ultrasound image of the woman’s urinary 
bladder, which contained a roughly 3-inch diameter tumor. While the camera 
zoomed in on the tumor, then three men could be heard chanting, repeating a 
single word that can be loosely translated in English as ‘already accomplished’ or 
‘already gone.’ The cancerous tumor could be seen to begin to quiver and then, 
within a matter of seconds, began to fade from view. In a couple of minutes it was 
completely gone. The camera backed away and the patient appeared relieved, and 
the three male practitioners and nurse could be seen conferring amongst 
themselves and appeared pleased with their result. 


Braden gives another account in the following miracle healing [51]: 


“...I had noticed [an] elderly gentleman... and a woman I assumed to be his wife, 
threading their way through a small crowd of people onto the sidewalk in front of 
the reception area. Together they had just passed through the swinging doors into 
the hot, thick air of a summer night in coastal Georgia. His stainless-steel walker 
preceded each step, securing a stable position from which he could shuffle 
through his next movement. Suddenly the rhythm changed. Unexpectedly, he had 
reached a curb that dropped six inches or so, to the surface at street level. In slow 
motion, I watched as his walker rocked with uncertainty, tipped, then crashed onto 
the asphalt... ‘Help us! Please, someone help us!’ [screamed the man’s 
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wife]......Already kneeling at the fallen man’s side, ..[and] cradling his head in her 
lap, was another woman. A zigzag trail of red glistened along the base of the 
man’s head, just below his ear. Gently she tilted his body in the overhead light, 
searching for the source of blood...Without saying a word, the woman touched the 
broken tissue, then began to stroke the wound as if she were petting a tiny animal. 
I looked into her face. Her eyes were closed as she tilted her head upward toward 
the sky...Later that evening, some of the onlookers said that they had sensed a 
kind of sacredness in that moment. Some went so far as to suspect that a holy act 
was occurring...There, in the poorly lit parking lot of this little restaurant, I 
witnessed what modern science would consider a miracle. In full view of a dozen 
or so witnesses, as the woman silently stroked the tear in the man’s flesh, it began 
to disappear. Within moments his wound had healed without any trace of the 
injury from his fall just moments earlier. Someone in the restaurant had called 
911, and the paramedics arrived within moments...Still cradling the man’s head 
and shoulders, the woman made room for the EMT. We watched as he examined 
the bloodstains on the man’s shirt. Expertly the technician traced them to the back 
of the fallen man’s head, then to the place just below his ear. Just as the woman 
had done moments earlier, the paramedic carefully separated the folds of skin 
where blood had pooled. To the amazement of the paramedics and the awe of the 
onlookers, there was no wound. The blood seemed to have just appeared at a point 
on the elderly man’s neck, run its course, and spilled onto the collar of his shirt. 
There was no trace of wound, opening, or scar. Still wet on the man’s skin, the 
blood appeared to have no source! The questions flashed into my mind as I 
watched: How was this possible? In the presence of a science so advanced that it 
can peer into the world of an atom and build machines that travel to the edge of 
our galaxy, why does the same science consider the healing that I had just 
witnessed a miracle?” 


Shakti Gawain [70], a pioneer in the world consciousness movement, has said: 


“People get sick because they believe on an inner level that illness is an 
appropriate or inevitable response to some situation or circumstance, because it in 
some way seems to solve a problem for them or gets them something that they 
need, or because it is a desperate solution to some unresolved and unbearable 
inner conflict. 


Some examples of this are: the person who becomes ill because he has been 
‘exposed’ to a communicable disease (and thus believes it is inevitable or highly 
likely); the person who dies of the same disease a parent or other member of her 
family had (because she has unconsciously programmed herself to follow the 
same pattern); the person who gets sick or has an accident in order to get out of 
work (either there’s something he can’t confront at work, or he won’t allow 
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himself the necessary relaxation and quiet time unless he is sick); the person who 
gets sick in order to get love and attention (this was how she was able to get her 
parents’ love as a child); the person who represses his feelings all his life and 
eventually dies of cancer (he cannot resolve the conflict between the pressure of 
his stored-up emotions and the belief that it’s not okay for him to express those 
emotions...so he eventually kills himself as a solution). 


I do not mean to imply by these examples that I believe all illness is a simple 
problem with a pat explanation. As with all our problems, there are often many 
complex factors. I do intend to illustrate the fact that illness is a result of 
emotional, mental, and spiritual factors as well as physical ones, and that illness 
may be an attempt to find a solution to a problem we are having inside ourselves 
or in our lives. If we are willing to recognize and look deeply into our feelings and 
beliefs, we can often find healing on all levels.” 


Dr. Larry Dossey, a proponent for holistic practice in medicine, has said [71]: 


“T used to believe that we must choose between science and reason on one hand, 
and spirituality on the other, in how we lead our lives. Now I consider this a false 
choice. We can recover the sense of sacredness, not just in science, but perhaps in 
every area of life.” 


Dr. Reginald Cherry, a Christian physician whose unique approach combines 
traditional medicine with alternative medicine and prayer, shared the following 
case history [72]: 


“Jonathan Collins, a distinguished businessman, came to the clinic for a medical 
evaluation, and during the course of his exam I noted a nodule on his prostate 
gland. His PSA blood level (a test for prostate cancer) was normal, but the PSA 
level is normal in a small percentage of men who, in fact, do have prostate cancer. 
This nodule was particularly ominous as prostate cancer is the most common 
malignancy in older men and is particularly prominent in men of Afro-American 
descent. 


As Jonathan and I prayed about his pathway to healing concerning this nodule, the 
Spirit of God led us in a direction contrary to conventional medical treatment. 
Though the traditional approach is to do an ultrasound-guided biopsy of nodules 
this size, we felt directed to do nothing in this situation except pray. I prayed the 
prayer of agreement with Jonathan, speaking directly to this nodule according to 
Mark 11:23, commanding it to shrink and disappear. I further spoke to his 
immune system to become activated and attack any abnormal cells that might be 
present in his prostate. I felt the Lord gave us another specific directive — that 
Jonathan was to return to the clinic in three months for a repeat evaluation and 


Role of Belief in Healing Ovarian Cancer — Challenges and Innovations 191 
examination of the prostate. 


When he returned three months later, the nodule, the location of which I carefully 
noted in the right lobe of his prostate, was totally gone! His prostate gland was 
normal. 


Our God is not a god of foolishness. When a supernatural healing occurs, it can be 
documented and will stand up to medical scrutiny. While we do not have to have 
scientific evidence that God is a healer, documenting medical healing such as this 
gives glory to God, and confirmed testimonies like this give hope to others and 
stir faith in God as our Healer. Medical experts might say, ‘Well, this was just a 
spontaneous remission, or just an area of inflammation.’ I say that a spontaneous 
remission such as this, which at last check had lasted for more than two years, is a 
healing!” 


Medical intuitive Caroline Myss has said [73]: 


cc 


. if people got to the ‘root’ cause of their emotional or psychological stress, 
then their illness was 90 percent healed. The rest would take good nutrition, a 
handful of the right vitamins, and daily exercise. I also learned through doing 
medical intuitive readings that there are as many different stress patterns as there 
are personalities. But what all people share is the need to purge themselves of 
their wounds, emotional traumas, and the memories of hard times or abusive 
relationships. Regrets also need resolution, as healing requires that we look at 
whom we have injured, not just who has injured us. I learned that forgiveness was 
essential and that the inability to forgive is as painful as the wound itself. Yet, in 
spite of that, forgiveness remains the greatest hurdle of all for most people...” 


“...Then I encountered the work of Teresa of Avila... which drew me into the 
domain of healing as a mystical experience. The piece I had been missing was the 
power of grace. Since absorbing ‘mystical reasoning’ into my consciousness, and 
teaching the work of Teresa and now John of the Cross, I have seen people heal 
completely and permanently... Some of the healings were instant and others 
occurred over months, but none of these people have experienced a return of their 
diseases. Let me state clearly that their healings have nothing to do with 
Catholicism. This is not a treatise on healing through Catholic teachings. Further, 
most of these people were not Catholic and did not suddenly convert. The 
addition of ‘mystical reasoning’ was a missing piece that I consider to be ‘cosmic’ 
or ‘spiritually archetypal’ rather than related to any particular religion — a 
universal truth that has filtered into all the major world traditions in some way, 
much like the teaching ‘thou shalt not kill’’’. 


“Once mystical reasoning was put on my radar, and in particular the work of 
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Teresa and John of the Cross, I realized that most people conduct their healing 
process in the ‘active night’ of the dark night. During the active night, we identify 
our hurts, what was done to us, our regrets, our stress patterns, all the things that 
are wrong. Perhaps we repair some of our relationships or try to make good on 
some of our regrets, but rarely do those efforts reach the source of why we really 
suffer or cause others to suffer. For all the determination we put forth in 
identifying past wounds, the identification process ends up being only an exercise 
in crime solving unless we complete the healing with forgiveness. Identifying a 
wound does not heal the wound. Healing must include getting to the source of 
why we struggle with forgiveness, why we want to hurt others, or why we hold on 
to our wounds hoping to make others feel guilty. This is where we encounter our 
true ‘inner demons,’ which John of the Cross referred to as the seven deadly sins 
in the passive stage of the dark night of the soul.” 


Intuitive consultant and counselor Cyndi Dale has described a 32-center energy 
system involving the chakras, remarkably harmonizing the psycho-spiritual with 
the physical in her segment entitled ‘Living as a Shaman’ [74]: 


“A shaman’s purpose is to walk in both the spiritual and physical worlds. Since 
ancient times, communities all over the world selected representatives to link the 
spiritual and physical planes for the benefit of all. In The Celtic Shaman, John 
Matthews describes a shaman as “one whose work is so integrated into everyday 
life that the ‘join’ does not show”. The shaman’s job was to help individuals heal 
physical and spiritual issues, and assist the community in doing the same. To do 
this, the shaman had to negotiate the revolving doors between the two dimensions. 


Our energy systems are designed to enable each of us to be our own shamans. Our 
in-body chakras have front and back sides. The center points in the spine act like 
portals connecting our conscious and unconscious, our spiritual and tangible 
selves. We really are wheels of light, spinning in the stillness of our own being. 
As shamans for ourselves, it is our responsibility to keep the doorways between 
both worlds open at all times. By doing this, we can receive the ‘other-world’ 
messages we need to heal and to manifest, and we can project the reality-based 
energies necessary to move through the world. 


Our shaman self is the one capable of stretching to the stars, often via our 
uppermost energy points. This capability would be worthless to our here-and-now 
self if we could not ground these energies into practical reality. How can our 
kundalini help us pay the bills? How can the feeling of peace soothe a difficult 
relationship? Conversely, how can having a disease teach us about faith or grace? 
Whether we work these questions through our spine, our feelings, our thoughts, or 
anything else, work them through we must.” 
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THE MIND - BODY CONNECTION 
More recently, Drs. Sternberg and Gold have written [75]: 


“For centuries, taking the cure at a mountain sanatorium or a hot-springs spa was 
the only available treatment for many chronic diseases. New understanding of the 
communication between the brain and immune system provides a physiological 
explanation of why such cures sometimes worked. Disruption of this 
communication network leads to an increase in susceptibility to disease and can 
worsen the course of the illness. Restoration of this communication system, 
whether through pharmacological agents or the relaxing effects of a spa, can be 
the first step on the road to recovery... There is growing evidence that our view of 
ourselves and others, our style of handling stresses, and our genetic makeup can 
affect the immune system. Similarly, there is good evidence that diseases 
associated with chronic inflammation significantly affect one’s mood or level of 
anxiety. Finally, these findings suggest that classification of illnesses into medical 
and psychiatric specialties, and the boundaries that have demarcated mind and 
body, are artificial.” 


Interestingly, the Jewish Likuttei Ha’MaHaRaN, No. 268 written in the 1800’s, 
alludes to the mind-body connection [12]: 


“You are here by default. Yet it would be a good idea to make a conscious 
commitment to being here, to being in life. The more conscious your commitment 
to being here, the deeper your soul will manifest in your being. The less the life 
commitment, the less the soul becomes manifested in the body, and the more 
vulnerable the body then becomes to death — toward which illness is believed to 
be a momentum.” 


CONCLUSION 


We reviewed a number of studies demonstrating the powerful influence of our 
thoughts and beliefs on our wellbeing and healing ability: the placebo-nocebo 
effects, and the mind-body connection. Ancient healers may have had a relatively 
more complete hold on the reins of healing and wellbeing - enabled by an 
environment of scientific ignorance. Modern physicians who utilize sophisticated 
scientific knowledge and applied technologies to focus on physical healing, run 
the risk of ignoring the mind - relegating this important component of well-being 
to alternative practitioners learned in other modalities. Modern medicine will 
continue to search for scientific breakthroughs including the realm of the mind- 
body. In fact very recently, Dr. Tamar Ben-Shaanan and colleagues at the 
Technion (Israeli Institute of Technology) reported an apparent connection 
between mental states and cancer progression in mice [76]. Their exciting work 
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suggests that positive emotions may help combat cancer! Have we now come full 
circle, or perhaps spiraled forward is the better word choice? 


Around 400 B.C., Plato had said, “the great error in the treatment of the human 
body is that physicians are ignorant of the whole. For the part can never be well 
unless the whole is well” [77]. And around 1000 A.D., the Persian physician 
Avicenna said, “the imagination of man can act not only on his own body but 
even others and very distant bodies. It can fascinate and modify them; make them 
ill, or restore them to health” [78]. 


While our focus in medicine may have changed from religion-based to science- 
based, the recognition of the mind-body interaction has persisted. Will we 
moderns eventually find a molecular explanation for belief? Or, will belief be 
incorporated into an ideal treatment of the future when teams of experts work 
together to achieve cures? The answers to these questions will undoubtedly 
revolutionize the field of medicine. Luckily though, today’s physician armed with 
complex scientific explanations and sophisticated technological treatments, 
retains the power of belief; the power of simple, faithful optimism in their ability 
to connect with, and help their patient achieve a healing. 
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